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Hush  House  Induced  Vibrations  at  the  Arkansas  Air 
National  Guard  Facility,  Fort  Smith,  Arkansas 

1.  INTRODUCTION 
1.1  Background 

The  T-10  jet  engine  ground  run-up  noise  suppressor,  or  Hush  House,  (Figure  1), 
was  designed  to  reduce  the  audible  impact  of  necessary  jet.  engine  testing  on  the 
surrounding  community  and  to  allow  siting  of  the  test  function  closer  to  the  main¬ 
tenance  operations  that  it  supports.  At  least  in  part,  the  noise  suppression  charac¬ 
teristic  of  the  Hush  House  is  achieved  by  the  transfer  of  energy  from  the  audible 
(>  20  Hz)  to  the  infrasonic  (<  20  Hz)  range.  At  some  sites  these  lower  frequency 
emissions  have  had  deleterious  effects  on  the  vibro-acoustic  environments  in 
nearby  buildings.  In  one  instance,  sufficiently  intense  disturbances  were  reported 
to  raise  questions  concerning  both  the  structural  safety  and  health  of  the  occupants. 

In  May  1984,  the  Air  Force  Geophysics  Laboratory  (AFGL)  was  requested  by 
Air  Force  Logistics  Command  (AFLC)  tc  assist  in  the  development  of  siting  criteria 
to  mitigate  these  problems  for  the  T-10  Hush  House.  At  that  time  AFGL/LWH 
recommended  that  AFLC  consider  the  development  and  application  of  a  site-specific 
vibro-acoustic  forecast  method  based  on  techniques  previously  developed  by  AFGL 

(Received  for  publication  29  October  1987) 

1.  Personal  Communications,  Maj,  William  Ponder,  USAFR,  October  1984. 
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to  support  Space  Shuttle  operations  at  Vandenberg  AFB,  California.  '  It  was  felt 
that  this  technique  could  be  modified  for  use  in  Hush  House  site  selection  and  to 
minimize  post-construction  disturbances  on  operations  in  nearby  structures. 
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Figure  1.  Plan  View  of  the  T-10  Hush  House 


2.  Crowley,  F.A.,  and  Hartnett,  E.  B.  (1984)  Vibro-Acoustic  Forecast  for  Space 

Shuttle  Launches  at  VAFB,  The  Payload  Changeout  Room  and  the 
Administration  Building,  AFGL-TR-84-0322,  ADA  1^6^44,  Hanscom  AFB,  MA. 

3.  Battis,  J.C.  (1985)  Vibro-Acoustic  Forecasts  for  STS  Launches  at  V23, 

Vandenberg  AFB:  Results  Sumrrary  and  the  Payload  Preparation  Room. 
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The  effort  to  refine  this  methodology  for  application  to  the  Hush  House  problem 

started  with  a  preliminary  field  study  conducted  at  Luke  AFB,  Arizona  in  September 

1984,  This  study  demonstrated  several  facts  relevant  to  the  Hush  House  siting 

problem.  First,  the  dominant  cause  of  induced  vibro-acoustios  in  structures  near 

4 

the  Hush  House  i.s  airborne  infrasonics.  Second,  the  propagation  characteristics 
of  the  Hush  House  infrasonic  emissions  can  largely  be  explained  as  spherical 
propagation  from  an  azimuthally  dependent  source  located  10  m  above  the  exhaust 

5 

deflector  at  the  end  of  the  augmentor  tube  (Figure  1).  Finally,  and  as  was 

expected,  the  response  of  the  impacted  structures  depends  not  only  on  range  from 

the  Hush  House,  but  also  on  the  relative  orientations  of  the  infrasonic  noise  source, 

4 

that  is,  the  Hush  House,  and  the  impacted  structure.  Using  methods  developed 
by  AFGL,  it  was  shown  that  well  over  90  percent  of  the  observed  energy  in  the 
Hush  House  induced  vibrations  can  be  forecast  given  adequate  knowledge  of  the 
source.  Taken  together  with  other  findings  from  this  work,  the  Luke  study  sup¬ 
ported  the  feasibility  of  forecasting,  prior  to  construction,  the  environment  in 
neighboring  structures  that  would  be  excited  by  Hush  House  operations. 

Analysis  of  data  taken  at  Luke  AFB  also  motivated  the  development  of  a  hypo¬ 
thetical  source  model  for  Hush  House  acoustics.  This  working  hypothesis  is  dis¬ 
cussed  in  Appendix  A.  Basically,  the  model  assumes  that  the  acoustic  emissions 
are  generated  by  turbulence  associated  with  the  air  intakes  and  exhaust  of  the  Hush 
House.  The  characteristic  spectral  form  for  the  emissions  is  a  bell  shaped  curve, 
peaking  near  15  Hz,  due  to  the  exhaust  jet,  with  a  weaker  secondary  lobe  at  about 
5  Hz  believed  to  be  due  to  the  intake  jets.  For  a  given  Hu3h  House  design,  the 
locations  of  these  peaks  and  the  spectral  levels  will  vary  with  the  velocity  of  the 
exhaust  and  intake  air.  These,  in  turn,  are  functions  of  the  size  and  power  level 
of  the  engine  being  operated  in  the  Hush  House. 

1.2  Hush  House  Siting  Criteria 

At  present,  siting  guidelines  for  the  T-10  are  based  on  zones  of  exclusion 

around  the  Hush  House  within  which  the  siting  of  specified  structures  or  activies 

0 

are  restricted.  One  example  of  this  type  of  criterion  is  given  in  Table  1. 


4.  Battis,  J.C.,  and  Crowley,  F.A.  (1986)  Forecasting  Hush  House  Induced 

Vibro-Acoustics,  Proceedings  of  NATO-CCMS,  Conference  on  Aircraft 
Noise  in  a  Modern  Society,  NATO  No.  161,  Mittenwald,  Germany. 

5.  Beaupre,  J.T.,  and  Crowley,  F.A.  (1987)  Hush  House  Infrasonic  and  Seismic 

Emissions  Produced  by  F-100  Engine  Tests  at  Luke  AFfe,  Arizona, 
Scientific  'Report  No.  1,  Weston  Observatory,  Boston  College,  Weston,  MA. 

6.  ALC/MMEDT  (1983)  Procedures  for  Identifying  and  Justifying  Base  Require- 

inents  for  Aircraft  Turbine  Engine  Ground  Run-up  Noise  Suppressors, 

T.  O:  00-2^T771<ellyAFB7  TX. - - - 


These  criteria,  being  generalized  for  wide  application,  must  balance  two  conflict¬ 
ing  issues,  maximizing  land  use  at  all  3ites  and  minimizing  the  incidence  of  sig¬ 
nificant  adverse  impact.  On  one  hand,  to  insure  adequacy  in  a  worst  case  scenario, 
the  zones  of  exclusion  can  be  made  extremely  large,  resulting  in  poor  land  use  in 
most  applications.  Alternatively,  the  zones  can  be  reduced  in  size  to  represent 
more  "typical"  conditions  with  the  acceptance  of  a  higher  likelihood  of  adverse 
impacts  requiring  post- construction  corrective  action  and  resulting  increase  in  cost. 
On  the  positive  side,  this  type  of  criteria  can  be  made  easily  understandable  by  the 
end  user  and  is  simple  to  apply. 
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Table  3.  Zone  of  Exclusion  Type  Siting  Guidelines  for  T-10  Hush  House 


Facility  /  Activity 

Distance  (m/ft)* 

Criteria  Basis 

Unoccupied  Facilities 

5/  16,  as  measured 
from  any  exterior 
point  on  Hush  House 
33/100.  as  measured 
from  exhaust  tube 
entrance. 

No  risk  of  'j 

architectural 
damage  from 
vibration. 

Workshop  (full-time 
occupancy) 

49/150 

Noise  and  vibration. 

Pre  -engineered 

Buildings 

115/350 

Exterior  panels 
exhibit  considerable 
vibration. 

OTfice 

164/500 

Noise 

Vibration  Sensitive  Equipment 
(for  example,  optical 
microscopes,  photo 
interpretation  light  tables). 

328/ 1000 

Vibration 

Housing  (less  than  four 
stories) 

328/ 1000 

Noise 

Housing  (more  than 
three  stories) 

492/ 1500 

Noise 

NOTE:  Distances  are  for  minimum  personal,  complaints. 

❖ 

Radial  distance  as  measured  from  both  ends  of  the  exhaust  tube.  The  two 
semicircLes  described  by  the  arcs,  connected  by  straight  lines  at 
circumferences,  form  distance  envelope. 

NOTE:  Above  criteria  developed  from  noise  and  vibration  surveys  conducted 
at  149th  ANG.  SA-ALC. 
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The  intrinsic  balance  discussed  above  must  result  from  the  fact  that  a  zone  ox 

exclusion  type  criterion  is  unable  to  account  for  any  of  the  site -specific  elements 

of  the  problem,  primarily  the  site  dependent  effects  on  acoustic  propagation  and 

the  unique  response  characteristics  of  potentially  impacted  structures.  The  last 

of  these  complications  should  be  obvious  to  anyone  familiar  with  structural  dynamics. 

A  useful  example  of  the  former  problem  has  been  documented  at  the  Shuttle  launch 

2 

complex  at  Vandenberg  Air  Force  Base  (SLC-6).  Due  to  multipathing  (echoes)  of 
the  acoustic  signal  at  the  Vandenberg  complex,  frequency  dependent  loads  on 
structures  are  as  much  as  14  dB  or  five  times  greater  than  would  be  anticipated 
at  the  same  distance  from  a  source  in  an  open  setting,  the  conditions  found  at  the 
Shuttle  facility  at  Kennedy  Space  Center  (KSC).  In  other  words,  zones  of  exclusion 
based  on  data  from  KSC  would  greatly  underestimate  the  vibro-acoustic  effects 
anticipated  at  the  Vandenberg  launch  complex. 

1.3  Port  Smith,  Arkansas  Field  Study 

The  Arkansas  Air  National  Guard  (ANG)  facility  at  Fort  Smith  provided  a  case 
with  which  to  measure  the  value  of  existing  Hush  House  siting  criteria.  At  present, 
the  ANG  maintains  a  T-10  Hush  House  for  testing  of  F-4  Phantoms.  It  is  intended 

7 

that  this  ANG  unit  will  upgrade  to  F-16  aircraft  in  the  near  future.  An  existing 
building,  the  Avionics  Building,  could  be  modified  to  accommodate  the  F-16 
avionics  test  equipment.  However,  based  on  existing  Hush  House  siting  criteria, 
a  new  facility  for  this  equipment  should  be  constructed  at  a  distance  of  over 
328  meters  from  the  Hush  House  as  the  test  equipment  is  considered  motion  sensi¬ 
tive.  The  cost  of  this  new  construction  would  exceed  the  cost  of  modifying  the 
existing  facility. 

At  the  request  of  ANG,  AFGL  conducted  a  vibro-acoustic  survey  at  the  Fort 
Smith  facility  to  measure  vibration  levels  in  existing  structures  due  to  Hush  House 
operations.  This  report  provides  the  results  of  that  survey  and  the  implications  of 
this  effort  towards  the  development  of  more  efficient  criteria  for  siting  infrasonic 
noise  sources  such  as  the  Hush  House. 


7.  Personal  Communications,  Lt.  Coi.  Steve  Core,  Arkansas  ANG,  October  1986. 


2.  SITE  DESCRIPTION 


2.1  Location 

Fort  Smith,  Arkansas,  is  located  in  the  northwest  corner  of  the  state  at  the 
juncture  of  the  Arkansas  and  Poteau  Rivers.  The  ANG  facility  is  located  on  a  flat 
plain  trending  essentially  north-south,  a  former  river  course.  Just  to  the  west  of 
the  ANG  facility,  a  rise  marks  the  edge  of  the  river  valley.  On  the  east,  the  facility 
is  bounded  by  the  municipal  airport,  also  in  the  river  valley.  The  eastern  edge  of 
the  valley  is  well  to  the  east  of  the  site.  The  topographic  and  geologic  settings  of 
the  site  do  not  appear  to  play  a  significant  roie  in  the  results  of  this  study. 

22  ANG  Facilities 

The  ANG  facility  is  composed  primarily  of  one  and  two  story  structures  of 
masonry  and  steel  frame  construction,  and  hangar  facilities.  In  addition,  the  site 
has  several  steel  frame,  p re-engineered  structures.  A  section  of  the  ANG  com¬ 
pound  is  shown  in  Figure  2.  The  primary  buildings  of  interest  in  this  study  are 
the  Avionics  Building  and  Building  221  (an  aircraft  radar  test  facility)  and  the  T-10 
Hush  House,  all  indicated  in  Figure  2. 

The  Avionics  Building  is  a  one- story  structure  of  steel  frame  and  brick  con¬ 
struction  located  approximately  260  meters  from  the  Hush  House  exhaust  deflector. 
Although  irregular  in  form,  dimensions  of  the  structure  are  roughly  50  by  25  meters. 
The  building  is  broken  into  office,  workshop,  and  warehouse  space.  The  warehouse 
section  of  the  building  is  a  high  bay  with  a  height  greater  than  the  other  sections  of 
the  building.  As  this  facility  is  a  potential  site  of  the  F-16  avionics  test  equipment, 
the  motions  of  concern  at  this  location  are  those  of  the  concrete  slab  floor  on  which 
the  avionics  test  benches  would  be  mounted.  It  should  be  noted  that  this  structure 
lies  well  within  the  328-meter  zone  of  e  elusion  for  motion  sensitive  operations. 

Building  221  is  a  pre-engineered,  steel  frame,  sheet  metal  sided,  hangar  type 
structure  located  ,-proximately  82  meters  from  the  exhaust  deflector.  The  dimen¬ 
sions  of  this  structure  are  about  26  by  16  meters  by  10  meters  high  and  consists 
essentially  of  a  single  aircraft  bay.  The  short  walls  are  cut  by  hangar  doors  on 
both  ends.  This  site  had  exhibited  vibration  problems  during  F-4  Hush  House 
operations,  including  loosened  panel  screws  and  obvious  vibrations  of  structure. 

It  was  requested  that  the  safety  of  the  structure  be  evaluated  for  F-16  Hush  House 
operations. 
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SITES  68? 


As  noted  previously,  based  on  ANG  interpretation  of  the  Hu3h  House  siting 
guidelines,  a  new  structure  is  required  to  house  the  F-16  support  equipment.  The 
land  available  for  this  purpose  is  located  to  the  north  of  the  Avionics  Building  as 
indicated  in  Figure  2.  It  was  also  requested  that  noise  studies  be  conducted  at  this 
location  to  determine  its  suitability  for  the  proposed  construction.  In  addition  to 
Hush  House  operations,  the  potential  effect  on  the  vibration  environment  at  this  site 
because  of  traffic  on  Interstate  Highway  1-540  was  of  concern. 

3.  VIBRO-ACOUSTIC  MEASUREMENT  SYSTEM 
3.1  Data  Measurement  System 

Instrumentation  used  to  monitor  the  vibro-acoustic  environment  at  the  Fort 
Smith  ANG  site  consisted  of  Terra  Technology  Inc.  DCS-302  digital  data  recorders 
with  sensor  elements  consisting  of  either  Geo  Space  Corp.  Hall-Sears  HS-10-1B 
or  Dyneer  S-6000  velocity  transducers,  or  DJ  Instruments  MLR  differential  pres¬ 
sure  transducers.  These  systems  provide  responses  with  an  essentially  flat 
measurement  window  from  1  to  30  Hz.  Typical  examples  of  the  system  response 
functions  for  a  vibration  and  a  pressure  measurements  are  shown  in  Figures  3  and  4. 

In-situ  calibrations  were  performed  on  the  velocity  transducers  before  and 
after  the  test  sequence  by  applying  a  known  current  to  the  calibration  coils  of  the 
instruments.  This  is  the  equivalent  of  applying  a  known  force  to  the  mass  of  the 
seismometers.  Calibrations  of  the  pressure  transducers  and  the  digital  recorder 
units  were  conducted  in  the  laboratory  either  before  or  after  the  field  tests.  The 
instrument  constants  of  these  units  have  been  found  to  be  quite  stable. 

The  Terra- Technology  DCS-302  digital  data  recorders  provide  signal  amplifica¬ 
tion  with  automatic  gain  ranging,  A/D  conversion  and  anti-alias  filtering.  Four 

gains  are  available  with  nominal  levels  of  xlO,  x50„  x250,  and  xlOOO.  Given  the 

—  8 

sensor  sensitivities,  this  provides  approximate  dynamic  ranges  of  5  X  10  to 

-3 

3  X  10  m/sec  in  velocity  and  0.  01  to  3500  Pa  for  pressure.  The  exact  dynamic 
range  at  each  site  is  a  function  of  the  particular  sensors  and  recorders  used  as 
well  as  ambient  noise  conditions. 
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AMPLITUDE  (Volts/Pascal)  AMPLITUDE  (Volts/(m/sec)) 


'  amplitude 
PHASE 


10°  1  o1 

FREQUENCY  (Hz) 


Figure  3.  Typical  Measurement  System  Response  for  a 
Velocity  Transducer 
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Figure  4,  Typical  Measurement  System  Response  Curve  for  a 
Pressure  Transducer 
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3J2  Instrumentation  Locations 

During  the  test  sequence  nine  locations  were  monitored  for  either  pressure  or 
vibration.  Once  installed,  the  instruments  at  each  site  were  left  undisturbed 
throughout  the  test  period.  In  addition,  one  site  was  occupied  for  a  short  period  to 
monitor  highway  generated  noise.  The  locations  of  the  measurement  points  are 
shown  in  Figure  2.  Additionally,  Table  2  provides  information  on  the  sites  and 
sensors. 

Pressure  measurements  were  made  at  four  locations,  three  to  the  north  of 
the  main  aircraft  parking  area,  sites  5A  through  5C  and  one  at  the  approximate 
location  of  the  proposed  avionics  building,  site  6.  A  velocity  transducer,  site  7, 
was  collocated  with  site  6. 

The  existing  Avionics  Building  was  instrumented  at  two  locations.  First, 
vibration  data  was  taken  at  the  footing  of  a  column  in  the  warehouse  section  of  the 
building,  site  1.  These  sensors  monitor  the  largest  single  open  area  in  the 
structure  with  the  highest  roof  line  and  exposed  surface  area  directed  towards  the 
Hush  House.  It  was  anticipated  to  be  the  most  responsive  section  of  the  building 
to  Hush  House  infrasonic  emissions.  Site  2  was  located  within  the  workshop  area 
of  the  building  at  the  base  of  the  Inertial  Measurement  Unit  (1MU)  pedestal.  This 
site  was  selected  to  provide  a  comparison  of  the  relative  strength  of  the  Hush  House 
induced  vibrations  against  a  typical  working  noise  environment. 

Vibration  sensors  at  sites  3  and  4  were  located  in  Building  221,  the  radar  test 
hangar.  Site  3  was  placed  on  the  foundation  slab  near  the  footing  of  the  center  column 
on  the  wall  facing  the  Hush  House.  Site  4  was  located  vertically  above  site  3  at  the 
first  column-beam  connection,  approximately  4.  6  meters  above  the  floor,  halfway 
up  the  side  wall.  It  will  be  significant  to  note  that  both  of  these  sensors  were 
somewhat  offset  from  the  column  due  to  the  physical  structure  in  the  vicinity  of 
the  joint. 

Finally,  site  8  is  located  near  the  edge  of  the  ANG  property  and  in  line  with 
the  closest  approach  of  Interstate  1-540  to  the  proposed  site  of  a  new  avionics  build¬ 
ing.  This  site  was  occupied  only  for  the  highway  noise  study  when  velocity  measure¬ 
ments  were  made  both  here  and  at  site  7.  The  site  is  not  shown  in  Figure  2  but  it 
is  located  off  the  plan  somewhat  north  of  a  radial  line  through  the  exhaust  deflector 
of  the  Hush  House  and  sites  6  and  7. 

For  all  sites  involving  velocity  transducers,  three  components  of  motion, 
vertical  and  two  horizontal  axes,  were  measured.  The  horizontal  components  were 
aligned  such  that  one  component,  the  radial,  was  directed  toward  the  assumed 
dominant  infrasonic  noise  source,  the  exhaust  deflector  of  the  Hush  House.  The 
second  horizontal  component  was  rotated  90  degrees  from  the  radial  and  is  desig¬ 
nated  as  the  transverse  component  throughout  this  report. 
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Table  2.  Site  Data  for  the  Fort  Smith  Noise  Survey 
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4.  DATA  COLLECTION  AND  ANALYSIS 


4.1  Hush  House  Operations 

Field  tests  at  the  Fort  Smith  facilities  were  run  from  22  to  24  October  1986. 

To  support  these  tests,  the  Arkansas  ANG  arranged  for  three  types  of  aircraft  to 
be  operated  in  the  Fort  Smith  Hush  House.  These  were  an  F-4,  an  F-15,  and  an 
F-16  fighter  aircraft.  In  each  case,  the  aircraft  was  positioned  in  the  Hush  House 
and  the  engines  run  through  a  sequence  of  power  settings  including  idle,  military 
power  and  afterburner.  For  military  power  and  afterburner  eacn  setting  was  main¬ 
tained  for  approximately  5  min  while  acoustic  and  vibration  data  were  recorded. 
During  some  of  the  runs  data  were  also  collected  for  idle.  At  the.  conclusion  of 
each  run  the  equipment  continued  recording  to  establish  background  levels.  In 
addition,  separate  noise  samples  were  taken  at  each  site. 

In  the  case  of  the  F-15,  a  twin  engine  aircraft,  measurements  were  taken  with 
one  engine  in  idle  and  the  other  engine  operating  at  the  specified  level.  This  was 
taken  to  be  the  worst  case  situation  for  the  F-15.  Only  one  of  the  two  engines  on 
the  F-4  was  used  during  the  tests  while  the  F-16  is  a  single  engine  aircraft. 

Meteorological  conditions  during  the  test  were  essentially  uniform.  Typical 
conditions  were  full  overcast  or  slight  drizzle  with  wind  speeds  averaging  8  to 
10  mph  to  the  north  or  northeast  and  temperatures  between  60  and  70°  F.  Although 
the  conditions  suggest  the  possibility  of  excess  acoustic  attenuation  between  the 
Hush  House  and  the  measurement  sites,  they  did  not  appear  to  produce  any  unusual 
propagation  conditions. 

4.2  Standard  Data  Analysis 

Reduction  of  the  data  collected  during  the  field  program  followed  a  standard 
procedure.  After  conversion  of  the  field  tapes  to  computer  compatible  form,  cali¬ 
bration  data  were  processed  to  provide  system  responses.  The  raw  data  files  were 
then  reviewed  for  each  site,  aircraft,  and  power  setting.  A  100-sec  data  segment 
was  typically  selected  for  further  processing.  Data  segments  were  selected  to  be 
free  of  recording  problems,  such  as  dropouts  or  extraneous  signals,  and  to  avoid 
non -stationary  signals  that  occur  during  engine  power  changes.  A  visual  review 
of  the  full  raw  data  set  was  conducted  to  insure  that  the  extracted  sample  was 
representative  of  the  overall  record  from  which  it  was  taken. 

Each  data  segment  was  processed  to  remove  the  appropriate  system  response 
function  by  frequency  domain  deconvolution.  The  output  of  this  process  was  the 
true  ground  particle  velocity  or  pressure.  During  deconvolution,  a  bandpass  filter 
for  the  frequency  range  of  0.  8  to  40  Hz  was  applied.  It  should  be  noted  that  this 
involved  the  boosting  of  signal  power  in  the  range  above  30  Hz,  the  system 


anti-aliasing  filter  corner  frequency.  It  can  be  assumed  that  data  in  the  frequency 
range  above  30  Hz  will  have  somewhat  wider  confidence  bounds  than  data  within 
the  typical  flat  response  band  of  1  to  30  Hz.  For  subsequent  analysis,  the  first 
and  last  2.  56  sec  of  data  were  ignored  as  the  deconvolution  process  is  unable 
to  make  full  instrument  response  correction  in  these  regions.  Ground  displace¬ 
ment  was  determined  for  the  vibration  data  by  time  domain  integration  of  the 
velocity  traces,  and  where  appropriate,  acceleration  was  determined  by  time 
domain  differentiation. 

Each  data  trace  was  analyzed  for  statistical  information  and  various  data  plots 
were  generated.  The  nature  of  the  Hush  House  infrasonic  source  is  well  repre¬ 
sented  as  a  stationary  random  process  and  raw  time  histories  are  typically  un¬ 
enlightening.  The  statistics  obtained  included  mean,  variance,  root  mean  squared 
(rms)  and  the  extreme  value  for  each  record,  and  the  mean  and  variance  of  the 
peak  absolute  value  within  non -overlapping  windows  of  0.  1,  0.  25,  0.  5  and 
0.  1  seconds. 

Based  on  the  windowed  statistics,  parameters  of  the  Normal,  Gumbel  Extreme 

Value  Type  I  and  Type  II  distributions  were  calculated  and  tested  against  the  ob- 

8  8 

served  distributions  by  means  of  the  standard  Kolmogorov -Smirnow  test.  ’  In 
virtually  all  cases  the  highest  level  of  acceptance  was  achieved  for  the  1-sec 
windows  and  only  parameters  for  this  window  length  are  discussed. 

Finally,  power  spectral  density  (PSD)  plots  were  estimated  for  each  channel. 
These  spectra  were  obtained  by  averaging  the  periodograms  for  as  many  as 
2.  56  sec,  non-overlapping  windows  as  available  in  the  data  segments.  Typic¬ 
ally,  this  provided  a  highly  stable  spectrum  with  as  many  as  70  degrees  of  freedom 
(DOF).  In  addition  to  the  spectrum,  each  plot  also  displays  the  maximum  and  mini¬ 
mum  value  found  at  each  frequency.  It  should  be  noted  that  these  extreme  value 
data  do  not  constitute  the  observed  spectrum  at  any  given  point  in  time  but  are 
composites  constructed  from  ail  of  the  observed  spectra. 

43  Comparison  Motion  Levels 

The  motion  environment  at  any  site  provides  little  useful  information  without 
references  against  which  to  compare  the  observed  levels.  For  this  study  five 
reference  motion  levels  were  used.  The  reference  actually  applied  at  any  specific 
location  would  depend  on  the  conditions  and  intended  use  of  the  site  under  considera¬ 
tion. 


i 


8.  Benjamin,  J.  R.  ,  and  Cornell,  C.  A.  (1970)  Probability  Statistics,  and  Decision 

for  Civil  Engineers,  McGraw-HilL  Book  Co.  ,  hJew  York,  NYi 

9.  Snedecor,  G.  W.  ,  and  Cochran,  W.  G.  ( 1980)  Statistical  Methods,  The  Iowa 

State  University  Press,  Ames,  Iowa.  ’  ~~  ' 
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4.  3.  1  BACKGROUND  NOISE 


Of  some  use  is  a  comparison  of  the  motion  levels  observed  during  Hush  House 
operations  and  during  ambient  conditions.  This  comparison  shows  the  direct  effect 
of  the  Hush  House  operations  on  the  undisturbed  vibro -acoustic  environment  at 
each  site.  For  this  purpose  ambient  noise  measurements  were  made  at  each  loca¬ 
tion.  With  the  exception  of  the  highway  noise  survey  at  sites  7  and  8,  the  ambient 
■environment  was  measured  during  normal  working  hours.  For  the  highway  noise 
survey,  measurements  were  made  at  approximately  1630  local  time  when  high  levels 
of  highway  traffic  induced  noise  could  be  anticipated.  It  should  be  noted  that  vibro - 
acoustic  noise,  particularly  in  a  populated  setting,  is  only  short  term  stationary 
and  is  highly  dependent  on  time  of  day,  day  of  the  week  and  time  of  year.  Due  to 
the  limited  duration  of  this  study,  these  noise  samples  do  not  reflect  a  complete 
statistical  characterizations  of  the  ambient  conditions  at  each  site. 

4.  3.  2  EQUIPMENT  SPECIFICATIONS 

The  supplier  of  F-16  avionics  test  equipment  has  specified  vibration  criteria 
for  this  equipment.  The  manufacturer’s  specifications  are  based  on  the  preven¬ 
tion  of  damage  to  non-operating  equipment.  Operating  criteria  are  not  stated. 

These  criteria  are  applicable  to  vibration  data  collected  at  sites  1  and  2  in  the 
Avionics  Building.  The  peak  to  peak  displacement  criteria  specified  by  the  supplier 
are  reproduced  in  Table  3.  As  provided,  these  criteria  are  not  directly  compar¬ 
able  to  the  measured  data  and  can  be  interpreted  in  several  ways  for  the  purpose 
of  comparison. 

Before  proceeding,  it  should  be  noted  that  the  bandwidth  of  the  observed  data, 

0.  8  to  40  Hz,  does  not  completely  cover  the  window  specified  by  the  manufacturer, 

5  to  55  Hz.  Two  factors  show  that  this  is  not  significant  to  the  results  of  this 

report.  First,  as  can  be  seen  from  the  data  collected  during  this  and  previous 
4  5 

studies,  '  Hush-House  induced  acoustics  decay  fairly  rapidly  above  about  20  Hz. 
For  linear  systems,  as  the  emitted  energy  decreases,  the  ability  of  the  Hush  House 
to  drive  structures  at  these  frequencies  is  also  reduced.  Second,  at  higher  fre¬ 
quencies  the  response  of  a  structure  becomes  governed  by  local  effects  such  as  the 
resonance  of  individual  waLl  panels.  Local  effects  are  virtually  impossible  to  con¬ 
sider  in  a  generalized  context  and  are  usually  easy  to  resolve  on  a  case  by  case 
basis. 

10.  General  Dynamics  Corp.  ,  F-1SA/B,  F-16C/D  Facilities  Requirements  &. 

Design  Criteria,  16PR038,  "ForTWor  ih  Division”,  Port  Worth,  TX.  ~  ~ 
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Table  3.  Motion  Criteria  for  the  F-16  Avionics  Test 
Benches  ^ 


Frequency 

Band 

(Hz) 

Peak  to  Peak 
Displacement 
(inches)  (meters) 

Effective 

PSD  Level 
(meters^/Hz) 

5  to  15 

0.  06 

0.  0015 

- 10 

5.  6  X  10 

’ 

15  to  25 

0.  04 

0.  0010 

2.  5  X  10~10 

2  5  to  55 

0.  02 

0.  0005 

t-H 

i—l 

1 

o 

«“H 

X 

1-H 

NOTE:  The  effective  PSD  level  is  inferred  from  the 

manufacturer's  specifications  based  on  relations 
stated  in  the  test. 


The  most  stringent  application  of  the  criteria  would  be  to  take  the  lowest  level, 
that  for  the  frequency  band  of  25  to  55  Hz  and  use  it  as  an  absolute  maximum  level 
for  the  entire  measured  bandwidth  of  0.  8  to  40  Hz.  As  the  maximum  ground  dis¬ 
placement  observed  over  the  full  window  (5  to  55  Hz)  can  not  be  any  less  than  that 
generated  within  a  subset  of  the  frequencies,  this  interpretation  assures  that  the 
full  criteria  is  met.  Thus,  it  is  assumed  that  the  manufacturer's  specifications 

for  the  F-16  avionics  test  equipment  are  met  when  the  observed  absolute  zero  to 

-4 

peak  displacement  is  less  than  2.  5  X  10  meters. 

A  second  means  of  conversion  would  be  to  evaluate  a  limiting  power  spectral 
density  (PSD)  function  based  on  the  stated  criteria.  The  PSD  level  for  each  fre¬ 
quency  band  specified  can  be  approximated  as: 


L  (f)  =  rms  /  (f  1  -  fQ) 


(1) 


when;  L(f)  is  the  PSD  level  such  that,  if  all  frequencies  within  the  bandwidth  f ^  to  f 
have  equal  amplitudes,  the  criteria  will  be  exceeded,  and  rms  is  thf'  root  mean 
square  amplitude  of  the  causative  disturbance.  This  relationship  can  be  derived 
from  Parseval's  Theorem  assuming  that  the  ail  signal  power  is  contained  in  the 
bandwidth  f^^  to  f  ^ . 

The  problem,  however,  is  to  define  the  rms  value,  given  that  the  equipment 
criteria  specify  only  the  peak  to  peak  values  and  not  a  distribution  of  the  values. 

If  sinusoidal  input  is  assumed,  then  the  rms  value  can  be  obtained  as 
(0.  707)  (1/2)  (PP)  where  PP  is  the  peak  to  peak  displacement  of  the  criteria. 
However,  based  on  the  observed  distributions  of  Hush  House  generated  signal,  the 
ratio  of  the  displacement  rms  value  to  the  maximum  zero  to  peak  value  is  in  the 


1  r. 


v  «#\  -x  un  1. 1'*  /yt  \  rwun  vrw  v-*  \r*  \r w  v-m  tV 

n.u.wwiia  twj  ■*  r.  ■  n  ■  «  »  . 


range  of  0. 1  to  0.  3.  To  be  conservative,  the  low  ratio  of  0.  1  was  used  to  define 
the  rrns  value  from  the  specified  peak  to  peak  values. 

The  effective  PSD  levels  for  each  frequency  window  can  be  evaluated  as: 

1(0.  1)  (h  (PP)]2 

L(f)  = - -  (2) 

rl  '  0 

where  all  values  are  defined  as  before.  Using  this  relation,  effective  PSD  levels 
were  evaluated  for  the  F-16  avionics  test  benches  and  are  also  given  in  Table  3. 

4.  3.  3  OPERATIONAL  CRITERIA 

As  stated  above,  the  manufacturer's  criteria  are  intended  to  insure  protection 

against  damage  but  do  not  relate  to  any  necessary  conditions  for  satisfactory 

operation.  Several  potential  guidelines  do  e^ist  for  operational  conditions,  f  irst, 

the  Air  Force  Metrology  and  Calibration  Program  has  stated  that  accelerations 

of  10  to  10  ^  m/sec2  are  tolerable  for  vibration  sensitive  operations.  ^  The 

basis  of  this  criterion  could  not  be  established.  This  value  is,  however,  compar- 

able  to  a  second  criterion,  an  rms  value  of  3  X  10  m/sec  ,  proposed  by  the 

U.  S.  Environmental  Protection  Agency  (EPA)  for  hospitals  and  critical  working 
12 

areas.  The  EPA  level  is  an  operational  criterion  for  motion  sensitive  facilities. 
The  recommended  measurement  location  for  this  criterion  is  on  the  floor.  This 
would  seem  to  imply  that  motion  amplification  between  the  floor  and  the  working 
surfaces  has  been  considered  in  establishing  this  criterion.  The  necessity  of 
satisfying  this  criterion  for  successful  operation  of  the  F-16  avionics  test  benches 
is  unknown.  It  is  likely  that  this  value  constitutes  a  lower  limit  and  motions  above 
this  level  could  be  tolerated  without  adverse  effect. 

4.3.4  SAFETY  OF  STRUCTURES 

The  previously  stated  criteria  can  be  applied  to  determine  the  appropriateness 

of  a  site  for  housing  motion  sensitive  operations.  However,  for  Building  221  the 

question  is  the  safety  of  the  structure.  The  EPA  has  also  proposed  guidelines  for 
12 

this  purpose.  The  structural  damage  guidelines  are  summarized  in  Table  4.  The 
stated  levels  in  Table  4  are  for  the  vector  sum  of  the  peak  velocities  on  three  ortho¬ 
gonal  axes.  In  general,  these  guidelines  were  developed  from  data  based  on  vibra¬ 
tions  generated  by  quarry  blasting.  They  are  also  held  to  be  applicable  for  steady 
or  intermittent  vibrations  such  as  those  anticipated  from  Hush  House  operations. 


1 1.  Personal  Communication,  Alan  Witten,  Oak  Ridge  National  Laboratory,  1987. 

12.  U.S.  Environmental  Protection  Agency  (1982)  Guidelines  for  Noise  Impa 't 

Analysis,  EPA  Report  No.  550/9-82-105,  Washington!-  D.C. 
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TabLe  4.  Guidelines  for  Estimating  the  Potential  of 
Structural  Damage^ 


Velocity 

(m/sec) 

. ^ 

Damage  Level 

<  0. 0025 

Damage  Not  Possible 

0.  0025  to  0.  0060 

Damage  Very  Improbable 
(Onset  of  visible  cracks  in  non- 
structural  members.  ) 

0.  0060  to  0.  0100 

Damage  Not  Probable 
(Stresses  should  be  checked.  Onset 
of  visible  cracks  in  structural 
members  with  no  serious  load 
carrying  capacity.  ) 

>  0. 0100 

Damage  Possible 
(Stress  check  necessary) 

0.  0300  to  0.  1000 

Available  Data  Insufficient  to  Define 
Type  of  Damage 

>  0.  1000 

Onset  of  Permanent  Damage 
(Possible  load  bearing  reduction.  ) 

NOTE:  Velocity  is  vector  sum  of  maximum  peak  velocities 
on  three  orthogonal  axes. 


It  is  significant  that  these  criteria  are  based  on  a  bandwidth  of  1  to  100  MHz 

while  the  measurements  were  made  with  a  bandwidth  of  1  to  40  Hz.  As  the  inclusion 

of  higher  frequencies  can  only  increase  the  amplitude  of  a  signal,  the  measured 

levels  given  in  this  report  must  be  considered  lower  limits  when  compared  to  this 

criterion.  If  the  criterion  is  approached  in  the  band  limited  data.,  then  it  is  highly 

likely  that  the  criterion  will  be  exceeded  in  the  full  100  Hz  bandwidth. 

For  most  practical  purposes  a  vector  sum  peak  velocity  of  0.  025  m/sec;  is 

defined  as  the  threshold  of  damage  and  can  be  interpreted  as  the  lowest  velocity  level 

12 

at  which  structural  integrity  could  become  a  potential  issue.  As  Building  221  is 
basically  a  pre-engineered  hangar  type  structure  with  little  interior  structure,  it 
is  concluded  that  this  level  is  most  appropriate  for  evaluating  the  impact  of  Hush 
House  operations  on  this  structure. 
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S.  HUSH  HOUSE  INDUCED  MOTIONS 


5.1  Overview 

The  following  section  provides  details  of  the  observed  environments  at  each 
measurement  point  and,  where  appropriate,  makes  comparison  with  the  appropriate 
criteria  from  those  cited  above.  This  section  is  organized  into  subsections  dealing 
with  the  observed  Hush  House  acoustic  emissions  and  the  motion  levels  in  the 
Avionics  Building,  Building  221  and  at  the  proposed  construction  site  for  a  new 
Avionics  facility.  Additional  statistical  information  derived  from  the  observed 
data  is  also  presented  in  Appendix  B  of  this  report. 

5.2  Hush  House  Acoustic  Emissions 

Pressure  emissions  from  the  Fort  Smith  Hush  House  were  monitored  at  three 
points  located  just  north  of  the  aircraft  parking  area  in  the  ANG  facility  and  at  the 
potential  site  of  a  new  avionics  facility  (Figure  2).  The  locations  of  these  sensors, 
sites  5A,  5B,  5C,  and  6  were  at  distances  of  154,  196,  245,  and  332  meters 
respectively,  from  the  exhaust  deflector  of  the  Hush  House.  These  sites  were 
selected  to  provide  estimates  of  the  pressure  loads  on  Building  2  21,  site  5A,  at 
the  Avionics  Building,  site  5C,  at  an  open,  unobstructed  location,  site  5B  and  the 
possible  construction  site,  site  6.  Ail  transducers  were  positioned  at  ground  level 
and  recorded  surface  pressures.  Surface  pressures,  over  a  rigid  earth,  are  twice 
the  level  that  would  be  recorded  ,n  the  free  field  away  from  any  boundaries. 

5.  2.  1.  TIME  DOMAIN  ANALYSIS 

Figure  5  shows  the  pressure  time  histories  recorded  at  sites  5A,  5B  and  5C 
for  an  F--16  in  the  Hush  House  and  running  in  afterburner.  As  with  almost  all  of 
the  data  collected  during  this  study,  plots  of  the  time  histories  provide  very  little 
insight  into  the  problem.  The  acoustic  signatures  exhibit  the  characteristics  of  a 
stationary  random  processes.  From  direct  examination  of  the  records  for  both 
military  power  and  afterburner  and  for  all  three  aircraft,  the  only  easily  discernible 
difference  between  the  time  traces  is  the  strength  of  the  signal.  As  should  be 
expected,  tracking  of  major  excursions  in  the  records  indicates  a  speed  of  sound 
in  air  of  approximately  350  m/sec. 


IB 
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Pressure  Time  Histories  for  an  F- 16  in  Afterburner  in  the  Hush  House  at 


Statistical  analysis  of  the  pressure  histories  provides  a  simple  means  to 
compare  the  apparent  Hush  House  acoustic  source  strengths  for  the  various  air¬ 
craft  and  engine  power  level  combinations.  A  summary  of  the  statistics  for  the 
pressure  measurements  is  given  in  Table  5  and  a  full  listing  of  the  evaluated 
statistics  for  each  data  sample  appears  in  Appendix  A.  Without  consideration  of 
frequency  content  of  the  signals,  it  is  apparent  that  the  Hush  House  source  strengths 
for  the  F-16  and  F15  are  virtually  identical  in  terms  of  acoustic  emission  levels 
and,  the  F-4  has  a  source  strength  of  about  0.  6  times  that  of  the  F-16  or  F-15 
at  similar  power.  These  ratios  appear  to  hold  without  regard  to  the  engine  power 
setting.  As  a  corollary,  the  normalized  source  strength  as  a  function  of  power 
setting  appears  to  be  independent  of  the  engine  type.  Relative  to  the  rms  level  for 
afterburner,  the  source  strength  for  military  power  is  about  0.4.  For  idle,  the 
source  strength  was  found  to  be  0.  2. 

The  pressure  levels  evaluated  for  idle  have  low  confidence  as  the  observed 
levels  are  not  much  greater  than  ambient  wind  levels  and  ire  close  to  the  lower 
limit  of  sensitivity  of  the  pressure  measurement  system.  Insufficient  low  end 
range  was  a  particularly  acute  problem  at  site  6.  All  runs  at  this  site  in  idle  and 
military  power  for  the  F-4  produced  insufficient  signal  strength  to  warrant 
processing. 

Beaupre  and  Crowley  have  demonstrated  that  the  Hush  House  infrasonic  emis¬ 
sions  can  largely  be  treated  as  being  generated  in  a  small  source  region  10  meters 

5 

over  the  exhaust  deflector.  Along  lines  of  constant  azimuth  and  at  distances  over 
50  meters  from  the  source,  the  emissions  satisfy  far-field  spherical  acoustics.  It 
was  also  noted,  however,  that  the  source  has  an  azimuthal  and  frequency  dependent 
radiation  pattern.  Although  the  sites  used  in  the  Fort  Smith  study  do  not  lie  along 
any  one  azimuth  but  are  spread  over  an  arc  of  about  30  degrees,  an  attempt  was 
made  to  use  the  observed  rms  values  to  verify  far-field  spherical  propagation.  This 
analysis  assumes  that  the  azimuth  dependency  of  the  radiation  pattern  is  compensated 
by  the  fact  that  the  rms  value  averages  over  the  entire  measurement  bandwidth. 

An  equation  of  the  form: 

ln[p(r)j  =  a  -  c  *  ln[r]  (3) 

was  fit  to  the  available  values  for  each  aircraft  type  and  power  level.  In  this  equa¬ 
tion  r  is  the  radial  distance  from  the  exhaust  deflector  to  the  observation  point,  p(r) 
is  the  rms  pressure  level  at  that  site,  and  a  and  c  are  the  regression  constants. 

The  value  of  c,  the  attenuation  coefficient,  is  the  power  of  r  governing  the  rate  of 
attenuation  of  pressure  amplitude.  For  true  far-fieid  spherical  propagation  the 
value  of  c  is  one. 


Table  5.  Statistics  of  the  Observed  Acoustic  Emissions 
From  the  Fort  Smith  ANG  Hush  House 


a 


51 


Aircraft 

Power 

Level 

Site 

rms 

Level 

(Pascals) 

Maximum 

Observed 

Level 

(Pascals) 

F-4 

IDLE 

5  A 

0.  123 

0.  481 

5B 

0.  042 

0.  187 

5C 

0.  048 

0.  356 

MIL 

5A 

0.  326 

1.  302 

5B 

0.  287 

1.  159 

5C 

0.  175 

0.  705 

AB 

5A 

0.  763 

2.  953 

5B 

0.  7  14 

3.028 

5C 

0.  423 

1.  628 

6 

0.  381 

1.  627 

F- 15(  1) 

IDLE 

5A 

0.  249 

1.  762 

5B 

0.  087 

0.  462 

50 

0.  07  1 

0.  570 

MIL 

5A 

0.  485 

1.  877 

5B 

0.  436 

1.  625 

50 

0.  321 

1.  379 

6 

0.  263 

1.  041 

AB 

5A 

1.  339 

4.  960 

5B 

1.  205 

4.  681 

50 

0.  931 

3.  472 

6 

0.  57  i 

3.  228 

F  - 16 

IDLE 

NOT  RECORDED 

MIL 

5A 

0.  492 

2.  154 

5B 

0.  451 

1.  882 

50 

0.  325 

1.  519 

6 

0.  285 

0.  756 

AB 

5A 
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[  1)  One  engine  in  power  level  and  one  engine  in  idle. 
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A  mean  attenuation  coefficient  of  1. 0  was  found  for  all  engines  in  afterburner 
or  military  power;  in  agreement  with  far-field  spherical  propagation.  The  range 
of  values  for  different  days  was  0.8  to  1.  3  but  the  attenuation  coefficient  was  con¬ 
sistent  for  each  engine  type.  The  variation  in  c  can  be  explained  as  a  function  of 
the  azimuthal  dependency  of  the  radiation  pattern,  meteorological  conditions,  the 
smoothing  effect  of  using  an  rms  value,  or  some  combination  of  the  three.  In  any 
case,  given  the  small  number  of  sites  used  for  the  fitting,  the  agreement  with  far- 
field  spherical  acoustics  is  considered  good. 

Significantly,  the  attenuation  coefficients  for  idle  were  found  to  be  2.7  for  the 
F-15  and  2.  1  for  the  F-4.  These  values  are  vastly  different  from  the  coefficients 
found  for  higher  power  settings  and  are  well  above  the  theoretical  range  for  far- 
field  acoustic  propagation. 

It  is  assumed  that  this  radical  change  in  the  apparent  attenuation  indicated  that, 
at  best,  only  a  weak  jet  source  is  established  during  idle  and  the  data  are  dominated 
by  ambient  conditions.  The  pressure  levels  for  idle  are,  in  essence,  the  ambient 
conditions  at  each  location.  In  this  case  theory  would  imply  that  the  attenuation 
coefficient  should  drop  to  zero.  That  it  did  not  appears  to  be  attributable  to  the  fact 
that  site  5A,  the  closest  site  to  the  Hush  House,  was  the  most  unprotected  from  the 
prevailing  winds  and  had  much  higher  wind  noise  than  the  other  sites.  The  high 
wind  noise  at  this  site  biased  the  regression  and  produced  an  apparent  attenuation 
of  the  total  pressure  "signal"  with  distance. 

5.  2.  2  FREQUENCY  DOMAIN  ANALYSIS 

The  lack  of  a  strong  jet  acoustic  source  during  idle  can  readily  be  seen  by 

comparing  the  pressure  PSD  plots  for  idle  against  those  for  other  power  settings 

(Figures  6  through  13).  In  the  band  3.  0  to  40  Hz,  all  spectra  for  military  power 

and  afterburner  show  the  general  characteristics  observed  in  Hush  House  emissions; 

a  bell-shaped  spectrum  peaking  in  the  range  of  15  to  20  Hz  with  a  secondary  maxi- 

4  5 

mum  located  below  10  Hz  (see  Appendix  A).  '  The  spectra  for  idle  do  not 

13 

demonstrate  this  structure  and  are  not  atypical  of  the  structure  of  wind  noise. 

As  a  well  developed  source  was  not  identified  for  aircraft  operating  at  idle,  only 
data  for  milita  -y  power  and  afterburner  will  be  considered  for  the  remainder  of 
this  report. 


13.  Beranek,  L.  L.  (1971)  Noise  and  Vibration  Control,  Mc-Graw  Hill  Book 
Company,  New  York,  1ST. Y. 
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Figure  6,  Pressure  PSD  for  an  F-4  at  idle  in  the 
Fort  Smith  Hush  House  at  Sites  (a)  5A,  (b)  5B,  and 
(c)  5C.  The  middle  curve  is  the  mean  spectrum 
while  the  upper  and  lower  curves  represent  the 
extreme  values  at  each  frequency 
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Figure  10.  Pressure  PSD  for  an  F-16  at  Military 
Power  in  the  Fort  Smith  Hush  House  at  Sites  (a)  5A, 
(b)  5B,  and  (c)  5C.  The  middle  curve  is  the  mean 
spectrum  while  the  upper  and  lower  curves  represent 
the  extreme  values  at  each  frequency 
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Figure  II.  Pressure  PSD  for  an  F-4  in  Afterburner 
in  the  Fort  Smith  Hush  House  at  Sites  (a)  5A,  (b)  5B„ 
and  (c)  5C.  The  middle  curve  is  the  mean  spectrum 
while  the  upper  and  lower  curves  represent  the 
extreme  values  at  each  frequency 
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Figure  12.  Pressure  PSD  for  an  F-15  in  Afterburner 
in  the  Fort  Smith  Hush  House  at  Site3  (a)  5A,  (b)  5Br 
and  (c)  5C.  The  middle  curve  is  the  mean  spectrum 
while  the  upper  and  lower  curves  represent  the 
extreme  values  at  each  frequency 
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Figure  13.  Pressure  PSD  for  an  F-16  in  Afterburner 
in  the  Fort  Smith  Hush  House  at  Sites  (a)  5A,  (b)  5B, 
and  (c)  5C.  The  middle  curve  is  the  mean  spectrum 
while  the  upper  and  lower  curves  represent  the 
extreme  values  at  each  frequency 
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With  the  exception  of  the  F-4  idLe  spectra  shown  in  Figure  6,  spectra  have 
at  least  50  degrees  of  freedom  (DOF)  and,  more  typically,  70  DOF.  Due  to  the 
short  data  segments  used  for  the  F-4  in  idle,  the  spectra  in  Figure  6  have  only 
14  degrees  of  freedom  which  accounts  for  its  more  ragged  appearance  as  compared 
to  other  PSD  plots. 

As  discussed  in  Appendix  A,  the  characteristic  frequency  of  the  primary  jet 
noise  source  is  sensitive  to  the  velocity  of  the  air  passing  through  the  fixed 
diameter  exhaust  tube.  This  frequency  should  increase  as  the  airflow  through  the 
engine  increases.  The  anticipated  frequency  shift  can  be  detected  in  these  spectra 
as  the  higher  relative  PSD  levels  above  20  Hz  for  all  aircraft  in  afterburner  as 
c  apared  to  the  same  aircraft  in  military  power. 

This  behavior  is  better  seen  in  the  smoothed  spectral  ratio  presented  in 
Figure  14.  The  ratio  curves  were  obtained  by  evaluating,  at  each  site,  the  ratios 
of  spectra  for  each  run  against  that  of  the  F-15  in  afterburner  and  then  averaging 
across  the  sites.  For  runs  in  military  power,  the  negative  slopes  of  the  spectral 
ratios  show  the  low  relative  amplitudes  at  high  frequencies  corresponding  to  lower 
center  frequencies  for  the  main  source  spectral  component.  The  positive  trend  of 
the  F--16  in  afterburner  suggests  a  higher  center  frequency  than  the  F-15  in  the 
same  mode.  The  peaks  belowr  10  Hz  show  the  change  in  frequency  of  the  secondary 
lobe  with  power  setting. 

Most  of  the  spectral  ratios  in  Figure  14  are  fairly  smooth  and  well  behaved. 

This  suggests  that  a  fairly  simple  Hush  House  acoustic  emissions  model  could 
be  developed  that  could  be  scaled  directly  from  the  parameters  of  the  engine  of 
interest.  For  the  F- 16  in  afterburner,  however,  there  is  more  pronounced 
spectral  structure  at  the  higher  frequencies.  This  structure  appears  to  be  real 
as  it  is  consistent  in  the  ratios  at  each  site.  The  cause,  however,  is  not  obvious 
and  may  warrant  further  study. 

Peak  observed  pressures  for  the  F-15  and  F-16  in  military  power  and  after¬ 
burner  are  found  to  be  comparable  with  levels  observed  at  the  Luke  AFB  Hush  House 

5 

for  the  F-100  engine  outside  of  the  aircraft.  It  has  been  suggested  that  the  Hush 
House  source  could  be  sensitive  to  whether  the  engine  is  in  or  out  of  the  aircraft. 

If  this  is  true  then  the  effect  appears  to  be  of  small  consequence  and  unlikely  to 
have  a  significant  effect  on  siting  criteria.  Also,  the  second  engine  running  at  idle 
during  the  F-15  operations  appears  to  have  negligible  effect  on  the  infrasonic 
emissions.  The  emission  characteristics  are  defined  by  the  engine  at  highest 
thrust. 
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SITE  5C  -  SMOOTHED  SPECTRAL  RATIOS 


5.00  10.00  15.00  20.00  25.00  30.00  35.00  40.00 

FREQUENCY  (Hz) 

OF— 4(A9)  AF-4(MP)  OF-IS(AB)  XF-18(UP)  +  F~15(UP) 

Figure  14.  Smoothed  Spectral  Ratios  Relative  to  the  F-15  in  Afterburner  for 
the  F-4  and  F-16  in  Military  Power  and  Afterburner  and  the  F-15  in  Military 
Power 


Of  particular  interest  in  the  spectra  for  site  5C  are  the  obvious  notches  between 
about  17  and  23  Hz  and  28  and  45  Hz.  These  holes  are  observed  in  all  military 
power  and  afterburner  runs  but  are  not  observed  in  spectra  for  either  noise  or  idle 
runs.  (This  fact  demonstrates  that  they  are  not  related  to  instrument  response.  ) 
Spectral  nulls  are  typically  found  for  data  exhibiting  multipathing,  or  multiple 
arrivals  from  the  same  source  with  some  fixed  time  delay.  Considering  the  posi¬ 
tions  of  possible  reflectors  near  the  site  it  is  most  likely  that  the  nulls  result  from 
an  echo  off  the  Avionics  Building  itself.  In  this  case,  the  pressure  loading  function 
on  the  Avionics  facility  should  not  contain  these  spectral  nulls  and  can  be  better 
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represented  by  the  spectral  shape  found  at  site  5B.  Later  in  this  report,  the 
analysis  of  the  structural  responses  at  the  Avionics  Building  will  show  this  to  be 
true, 

5.3  Avionics  Building  Motions 

Velocity  transducers  were  located  on  the  floor  slab  of  the  Avionics  Building 
at  two  locations;  in  the  warehouse  section,  site  1,  and  near  the  base  of  the  Inertia 
Measurement  Unit  (IMU)  pedestal  in  the  workshop  area,  site  2.  During  the  F-15 
runs  the  transducer  at  site  2  was  placed  on  the  IMU  pedestal  to  investigate  the 
impact  of  Hush  House  operations  at  the  top  of  the  pedestal,  a  potentially  sensitive 
work  surface.  The  sensors  were  oriented  such  that  one  horizontal  component  v  as 
directed  towards  the  Hush  House  exhaust  deflector  and  the  other  perpendicular  to 
this  direction.  The  components  are  labeled  as  the  radial  and  transverse  components, 
respectively  and  this  convention  was  observed  at  all  other  sites  as  well. 

5.3.  1  TIME  DOMAIN  ANALYSIS 

Figure  15  shows  a  typical  10-sec  displacement  trace  for  data  recorded 
at  site  1  with  an  F-16  in  afterburner  in  the  Hush  House.  It  is  of  interest  to  note 
the  change  in  dominant  frequency  between  these  traces  and  the  pressure  time 
histories  shown  in  Figure  5.  From  this  change  it  should  be  apparent  that  the  re¬ 
sponse  characteristics  of  any  specific  building  play  a  major  role  in  defining  the 
motion  environment  that  can  be  induced  by  Hush  House  operations. 

In  general,  however,  time  histories  are  not  a  useful  form  for  presentation  of 
Hush  House  induced  motions  as  the  data  is  well  represented  by  a  stationary  random 
process.  The  data  ire  better  represented  in  the  form  of  their  statistical  parameters. 
Tebl  ’  6  summarizes  the  statistics  on  observed  displacements  and  accelerations  in 
the  Avionics  Building.  More  complete  statistics  can  be  four.d  in  Appendix  B  of 
this  report.  While  Normal,  Extreme  Value  Type  1  and  Type  II  distributions  were 
fit  to  the  observed  data,  it  was  found  that  the  Extreme  Value  Type  I  distribution 
best  fit  the  observed  distributions  of  1,0-sec  windowed  peaks  and  it  is  the 
parameters  of  this  distribution  that  are  used  in  the  statistical  presentations. 


Table  6a.  Statistics  of  the  Observed  Motion  Environment  in  the  Fort  Smith 
Avionics  Facility 

(Site  1) 
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Table  6b.  Statistics  of  the  Observed  Motion  Environment  in  the  Fort  Smith 
Avionics  Facility 

(Site  2) 


Full  1  Second  Window 

Distribution  Distributions 
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NOTE:  F-15  runs  with  transducer  on  IMH  pedestal.  All 
other  runs  with  transducer  on  floor  slab  at 
pedestal  base. 


It  is  apparent  that  the  observed  displacement  environments  at  these  sites  are 
well  below  the  manufacturer's  criteria  for  the  avionics  test  benches,  as  inter- 

-4 

preted  in  Section  4.  3,  2  of  this  report,  2.  5  X  10  meters.  Taking  the  worst  case, 
the  F-15  in  afterburner,  and  using  the  Extreme  Value  Type  I  0.001  percent  exceed¬ 
ence  level,  the  criterion  is  more  than  650  times  greater  than  this  very  conservative 
peak  displacement  estimate  for  the  site. 

Several  noise  samples  were  analyzed  to  provide  an  estimate  of  the  ''typical" 
background  level  in  the  Avionics  Building.  The  rms  noise  displacements  found  for 

_  g 

site  1  were  about  0.5  to  1.  0  X  10  meters  on  each  component  and  0.  2  to 
-9 

0.  9  X  10  meters  at  site  2,  Contrasting  these  values  with  the  displacements 
given  in  Tables  6a  and  6b,  the  F-4,  for  both  military  power  and  afterburner, 
generates  motions  only  slightly  above  the  ambient  at  these  locations.  The  motions 
generated  by  ti  e  F-15  and  the  F-16  in  afterburner  exceed  ambient  conditions  by 
less  than  an  order  of  magnitude.  However,  the  variation  about  these  rms  levels 
is  much  less  for  ambient  conditions  than  for  the  Hush  House  excited  motions. 

In  terms  of  the  EPA  critical  working  area  criterion,  the  floor  level  rms 
acceleration  are,  in  the  worst  case,  an  order  of  magnitude  below  the  specified 
accelerations.  In  the  workshop  area,  a  site  presumably  similar  to  the  potential 
locations  of  the  F-16  avionics  test  benches,  the  floor  level  rms  accelerations  are 
significantly  lower  than  those  found  at  site  1.  On  the  basis  of  this  criterion,  the 
Avionics  Building  should  be  able  to  house  motion  sensitive  functions. 

Further,  the  motions  found  in  this  building  for  F-4  runs  in  afterburner  ex¬ 
ceeded  the  levels  seen  for  the  F-15  or  F-16  in  military  power.  If  the  F-16  Support 
functions  to  be  performed  in  this  building  are  similar  to  those  presently  conducted 
in  support  of  the  F-4,  and  as  no  interference  with  the  F-4  support  activities  has 
been  reported,  it  can  be  concluded  that  no  interference  should  be  seen  during  F-16 
runs  for  military  power.  Then  any  adverse  impact  of  F-16  Hush  House  operations 
could  only  occur  during  afterburner  runs.  As  these  runs  constitute  a  small  per¬ 
centage  of  Kush  House  operating  time,  the  worst  case  adverse  impact  on  the 
Avionics  Building  should  be  limited  in  occurrence  and  duration. 

The  motion  levels  observed  at  the  base  of  the  IMU  pedestal  are  significantly 
lower  than  those  in  the  warehouse  section  of  the  facility.  In  addition,  vertical 
motions  are  most,  pronounced  at  site  1  while  they  are  the  smallest  component  at 
site  2.  These  effects  can  be  explained  by  two  facts.  First,  the  warehouse  section 
would  be  expected  to  have  a  higher  response  due  to  the  high  bay  structure  and  a 
larger  exposed  area  to  pressure  loading  than  the  workshop  section.  Second,  the 
sensors  in  the  warehouse  area  were  located  at  a  point  where  the  floor  slab  could 
be  expected  to  flex  more  than  it  would  near  the  IMU  pedestal  base  due  to  load 
bearing  structural  elements  near  the  IMU  pedestal. 
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It  is  also  noted  that  horizontal  motions  on  top  of  the  IMU  pedestal  are  much 
greater  than  those  at  the  base  of  the  pedestal.  This  can  be  seen  by  comparing  the 
site  2  data  for  the  F-15  and  F-16.  The  relative  source  strengths  for  these  aircrafts 
are  the  same  but  the  F-15  data  -was  collected  on  top  of  the  IMU  pedestal  and  the 
F-16  data  at  the  base.  Even  with  this  amplification  due  to  the  pedestal  response, 
the  rms  acceleration  levels  are  still  below  the  EPA  criterion  for  critical  working 
areas. 

5.  3.  2  SPECTRAL  ANALYSIS 

Figure  16  and  17  show  typical  noise  displacement  PSD  plots  for  sites  1  and  2. 

It  is  instructive  to  start  with  the  noise  PSD  plots  as  they  demonstrate  certain 
response  characteristics  of  the  avionics  facility  needed  to  understand  Hush  House 
excited  vibrations.  The  structure  of  ambient  noise  spectra  can  be  attributed  to 
the  spectral  structure  of  the  noise  sources  and  the  response  characteristics  of  the 
building.  For  example,  the  peak  at  20  Hz  for  site  1  can  be  attributed  to  a  sub¬ 
harmonic  of  60  Hz  associated  with  the  electronic  equipment  used  in  this  facility. 

Several  peaks  can  be  observed  in  these  figures,  particularly  at  frequencies 
around  3  to  8  Hz  and,  to  a  lesser  degree,  around  15  Hz.  These  peaks  can  be 
associated  with  the  response  characteristics  of  the  building.  The  relative  strengths 
of  the  peaks  are  influenced  not  only  by  the  ease  of  excitation  but  also  by  the  fact 
that  noise  field,  the  driving  mechanism,  tends  to  decrease  with  increasing  fre¬ 
quency.  Of  significance,  is  the  fact  that  these  two  frequency  bands  are  nearly 
coincident  with  the  two  spectral  maxima  of  Hush  House  infrasonics.  The  Avionics 
Building  is  particularly  sensitive  to  Hush  House  emissions. 

Figures  16  through  29  show  the  displacement  PSD  plo;s  found  for  sites  1  and  2 

during  Hush  House  operations.  In  each  of  these  plots,  the  influence  of  the  two  lobes 

of  the  Hush  House  acoustic  source  can  be  seen  by  high  responses  around  5  to  8  Hz 

and  between  10  and  20  Hz.  In  terms  of  power  spectral  density,  the  v/orst  case  is 

site  1  with  the  F-15  in  afterburner.  The  PSD  levels  in  each  spectral  window  at  this 

-4 

location  are  below  the  manufacturer's  criteria  by  at  least  a  factor  of  10 


Figure  16.  (a)  Radial,  (b)  Transverse,  and  (c)  Vertical 

Displacement  Power  Spectral  Density  Plots  for  Site  1 
for  Ambient  Noise  Conditions.  In  each  plot  the  middle 
curve  is  the  mean  3pectrum  while  the  upper  and  lower 
curves  represent  the  extreme  values  at  each  frequency 


39 


£  i  o_1* 
£  i  o-20 
i  i  o-21 


FREQUENCY  (Hz) 


g  1 0“1B 

N  10_,° 

5  i  r\-20 


10’ 

FREQUENCY  (Hz) 


£  10“" 


lyuiij 

'  '!  f*|Vf 


101 

FREQUENCY  (Hz) 


Figure  17.  (a)  Kadial,  (b)  Transverse,  and  (c)  Vertical 

Displacement  Power  Spectral  Density  Plots  for  Site  2 
for  Ambient  Noise  Conditions.  In  each  plot  the  middle 
curve  is  the  mean  spectrum  while  the  upper  and  lower 
curves  represent  the  extreme  values  at  each  frequency 
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Figure  18.  (a)  Radial,  (b)  Transverse,  and  (c)  Vertical 

Displacement  Power  .Spectral  Density  Plots  for  Site  1 
With  an  F-4  in  Military  Power  in  the  Hush  House.  In 
each  plot  the  middle  curve  is  the  mean  spectrum  while 
the  upper  and  lower  curves  represent  the  extreme 
values  at  each  frequency 
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Figure  19.  (a)  Radial,  (b)  Transverse,  and  (c.)  Vertical 

Displacement  Power  Spectral  Density  Plots  for  Site  1 
With  an  F-4  in  Afterburner  in  the  Hush  House.  In  each 
plot  the  middle  curve  is  the  mean  spectrum  while  the 
upper  and  lower  curves  represent  the  extreme  values 
at  each  frequency 
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Figure  20.  (a)  Radial,  (b)  Transverse,  and  (c)  Vertical 

Displacement  Power  Spectral  Density  Plots  for  Site  1 
With  an  F-15  in  Military  Power  in  the  Ilush  House.  In 
each  plot  the  middle  curve  is  the  mean  spectrum  while 
the  upper  and  lower  curves  represent  the  extreme 
values  at  each  frequency 


Figure  21.  (a)  Radial,  (b)  Transverse,  and  (c)  Vertical 

Displacement  Power  Spectral  Density  Plots  for  Site  1 
With  an  F-15  in  Afterburner  in  the  Hush  House.  In  each 
plot  the  middle  curve  is  the  mean  spectrum  while  the 
upper  and  lower  curves  represent  the  extreme  values 
at  each  frequency 
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Figure  22.  (a)  Radial,  (b)  Transverse,  and  (c)  Vertical 

Displacement  Power  Spectral  Density  Plots  for  Site  1 
With  an  F-16  in  Military  Power  in  the  Hush  House.  In 
each  plot  the  middle  curve  is  the  mean  spectrum  while 
the  upper  and  lower  curves  represent  the  extreme 
values  at  each  frequency 
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figure  ^3.  (a)  Radial,  (b)  Transverse,  and  (c)  Vertical 
Displacement  Power  Spectral  Densitv  Plots  for  Site  1 
With  an  F-16  in  Afterburner  in  the  Hush  House.  In  each 
plot  the  middle  curve  is  the  mean  spectrum  while  the 
upper  and  lower  curves  represent  the  extreme  values 
at  each  frequency 
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Figure  24.  (a)  Radial,  (b)  Transverse,  and  (c)  Vertical 
Displacement  Power  Spectral  Density  Plots  for  Site  2 
With  an  F-4  in  Military  Power  in  the  Hush  House.  In 
each  plot  the  middle  curve  is  the  mean  spectrum  while 
the  upper  and  lower  curves  represent  the  extreme 
values  at  each  frequency 
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Figure  25.  (a)  Radial,  (b)  Transverse,  and  (c)  Vertical 

Displacement  Power  Spectral  Density  Plots  for  Site  2 
With  an  F-4  in  Afterburner  in  the  Hush  House.  In  each 
plot  the  middle  curve  is  the  mean  spectrum  while  the 
upper  and  lower  curves  represent  the  extreme  values 
at  each  frequency 
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Figure  26.  (a)  Radial,  (b)  Transverse,  and  (c)  Vertical 

Displacement  Power  Spectral  Density  Plots  for  Site  2 
With  anF-15  in  Military  Power  in  the  Hush  House.  In 
each  plot  the  middle  curve  is  the  mean  spectrum  while 
the  upper  and  lower  curves  represent  the  extreme 
values  at  each  frequency  (Transducer  on  IMU  pedestal) 
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Figure  27.  (a)  Radial,  (b)  Transverse,  and  (c)  Vertical 

Displacement  Power  Spectral  Density  Plots  for  Site  2 
With  anF-15  in  Afterburner  in  the  Hush  House.  In  each 
plot  the  middle  curve  is  the  mean  spectrum  while  the 
upper  and  lower  curves  represent  the  extreme  values  at 
each  frequency  (Transducer  on  IMU  pedestal) 
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Figure  28.  (a)  Radial,  (b)  Transverse,  and  (c)  Vertical 

Displacement  Power  Spectral  Density  Plots  for  Site  2 
With  anF-16  in  Military  Power  in  the  Hush  House.  In 
each  plot  the  middle  curve  is  the  mean  spectrum  while 
the  upper  and  lower  curves  represent  the  extreme 
values  at  each  frequency 
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Figure  29.  (a)  Radial,  (b)  Transverse,  and  (c)  Vortical 
Displacement  Power  Spectral  Density  Plots  for  Site  2 
With  an  F-1S  in  Afterburner  in  the  Hush  House.  In 
each  plot  the  middle  curve  is  the  mean  spectrum  while 
the  upper  and  lower  curves  represent  the  extreme 
values  at  each  frequency 
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These  spectra  demonstrate  a  significant  point  in  terms  of  the  development  of 
siting  criteria  for  the  Hush  House.  A  large  percentage  of  the  displacement  energy 
in  this  structure  is  driven  by  the  low  frequency,  secondary,  lobe  of  the  Hush  House 
inf'rasonic  source.  Although  the  main  lobe  of  the  source  has  more  total  power, 
the  compliance  of  the  structure  is  greater  at  the  lower  frequencies.  Thus,  the  low 
frequency  loads  are  more  efficient  in  exciting  the  structure  than  are  the  stronger 
high  frequency  pressures.  As  the  fundamental  modes  of  any  substantial  structure 
will  likely  be  below  10  Hz,  the  secondary  lobe  of  the  Hush  House  source  can  play 
a  dominant  role  in  determining  the  motion  environment  within  any  structure. 

From  Figures  26  and  27,  it  is  apparent  that  the  motions  on  top  of  the  IMQ 
pedestal  reflect  the  horizontal  natural  modes  of  the  pedestal  itself,  predominantly 
27  and  30  Hz.  As  would  be  expected,  the  vertical  motion  is  essentially  the  same 
as  those  found  for  the  floor  slab  for  the  F-16.  Conversely,  it  is  noted  that  these 
same  peaks  appear  in  the  floor  slab  data  but  at  much  lower  relative  levels.  For 
the  floor  slab,  these  peaks  represent  the  energy  re-radiated,  or  backsc.attered, 
into  the  slab  by  the  vibrations  of  the  IMQ  pedestal.  Although  not  of  large  amplitude, 
the  interaction  of  the  IMU  pedestal  and  the  floor  slab  demonstrate  the  complexity 
of  causative  factors  of  the  motion  environment  at  any  given  site. 

Finally,  admittance  terms  were  estimated  for  site  1  and  site  2  at  slab  level 
and  are  presented  in  Figures  30  and  31.  The  admittance  is  defined  as  the  frequency 
dependent  ratio  of  the  induced  velocity  to  the  causative  pressures.  For  this 
analysis,  the  driving  pressures  were  assumed  to  he  those  recorded  at  site  5H. 
Although  site  5C  is  the  closest  pressure  transducer  to  the  Avionics  Buildirlg,  the 
spectral  nulls  noted  at  this  site  are  not  believed  to  be  represented  in  the  actual 
pressure  loads  on  the  structure. 

As  normal  functions  in  the  Avionics  facility  were  not  stopped  during  the  data 
recording  periods,  it  can  be  assumed  that  some  of  the  content  of  each  sigrial  is  un¬ 
correlated  with  the  Hush  House  acoustic  source.  To  reduce  the  effect  of  these 
"stray"  signals,  the  presented  admittance  functions  were  obtained  by  averaging  the 
functions  estimated  for  each  aircraft  and  power  setting.  In  fact,  it  was  found  that 
the  individual  admittance  estimates  were  highly  consistent  at  least  in  the  bandwidth 
of  1  to  30  Hz  and  the  averaging  process  had  only  a  small  effect  on  the  final  plots. 

This  consistency  suggests  that  the  presented  admittance  functions  are  predominantly 
the  result  of  Hush  House  induced  loads  and  are  not  contaminated  by  other,  unknown 


The  peaks  in  the  admittance  function  can  be  related  to  the  resonant  modes  of 
the  structure  and  the  relative  amplitudes  of  the  peaks  demonstrate  the  ease  with 
which  a  Hush  House  type  source  (collocated  with  the  existing  Hush  House)  can  excite 
these  modes.  A  good  example  of  this  is  shown  in  Figure  31  with  the  peak  occurring 
just  below  30  Hz.  )3ased  on  spectra  and  admittances  evaluated  for  the  top  of  the 
IMU  pedestal,  this  peak  can  be  associated  with  backscattered  energy  from  the  IMU 
pedestal.  The  amplitude  of  the  peak  is  high  because  the  Hush  House  acoustic  source 
is  relatively  weak  at  this  frequency.  The  actual  motion  amplitude  associated  with 
this  frequency  is,  however,  relatively  low. 

These  plots  can  be  used  to  predict  the  motions  at  each  site  for  a  Hush  House 
type  source  collocated  with  the  existing  Hush  House  and  given  the  pressures  that 
would  be  observed  at  site  5B.  More  importantly,  however,  they  provide  some 
insight  into  the  potential  effect  of  altering  the  Hush  House  source,  one  proposal  that 
has  been  presented  to  reduce  the  vibration  environment  impact  of  the  Hush  House.  ^ 
At  present,  the  source  alteration  proposals  have  concentrated  on  altering  the  air 
flow  through  the  augmentor  tube,  presumably  responsible  for  the  main  lobe  of  the 
Hush  House  infrasonic  source.  This  would  be  done  by  introducing  vanes  inside  the 
Hush  House  to  produce  more  turbulent  flow  in  the  augmentor  tube.  This  is  expected 
to  raise  the  center  frequency  of  the  main  lobe  of  the  acoustic  source.  Assuming  the 
secondary  lobe  is  the  result  of  a  jet  type  source  associated  with  the  air  intakes,  it 
is  not  clear  that  the  existing  proposal  should  have  any  effect  on  the  position  or 
amplitude  of  this  lobe.  (It  should  be  noted  that  the  people  proposing  this  solution 
have  an  alternative  hypothesis  for  the  generation  of  Hush  House  infrasonics  and 
an  alternative  explanation  of  the  secondary  lobe.  11 

It  is  apparent  from  the  admittances  shown  in  Figures  30  and  31  that  significant 
contributions  to  the  motion  environment  at  these  sites  result  from  loading  at  fre¬ 
quencies  near  the  secondary  lobe,  around  5  Hz.  In  addition,  resonances  above 
20  Hz  could  also  make  significant  contribution,  particularly  at  site  2.  As  most 
structures  will  have  fundamental  modes  below  10  Hz,  it  should  be  apparent  that  the 
secondary  lobe  of  the  infrasonic  source  will  play  a  significant  role  in  defining  the 
induced  motion  environments  in  these  structures.  While  alteration  of  the  source 
is  one  potential  solution  to  the  vibro -acoustic  problems  associated  with  Hush  House 
operation,  the  interplay  of  the  emissions  and  structural  responses  must  be  con¬ 
sidered  over  a  wide  range  of  frequencies.  It  is  apparent  that  modification  of  only 
the  main  lobe  will  not  fully  resolve  these  problems. 


5.4  Building  221 

\ 

In  Building  221,  velocity  transducers  were  located  on  the  floor  slab  near  the 

footing  of  the  central  column  on  the  Hush  House  side  of  the  structure,  site  3,  and 

at  the  intersection  of  this  column  with  a  cross-beam,  approximately  4.  6  meters 

above  ground  level,  site  4.  The  building  is  a  pie-engineered,  hangar-type  structure 

located  approximately  80  meters  from  the  Hus  i  House  exhaust  deflector.  The 

primary  concern  at  this  site  was  for  the  safety  of  the  structure.  After  the  Hush 

7 

House  was  installed,  sheet  metal  siding  on  the  building  had  loosened.  As 
criteria  for  safety  of  structures  are  in  terms  of  velocity,  see  Table  4,  the  analysis 
for  these  sites  was  done  in  terms  of  velocity. 

The  instrumentation  used  in  this  study  proved  to  be  too  sensitive  for  the  motion 
levels  experienced  at  site  4  and  much  of  the  data  exceeded  the  dynamic  range  of  the 
equipment,  particularly  on  the  radial  components.  In  addition,  and  apparently  as  a 
result  of  severe  vibrations,  both  data  recorders  at  this  site  operated  intermittently. 
Thus,  for  operations  in  afterburner  much  shorter  data  segments  were  available 
for  analysis  than  at  other  locations;  as  short  as  32  seconds.  In  spite  of  these 
problems,  it  was  possible  to  recover  information  on  the  vibration  environment  at 
this  location. 

5.4.  1  TIME  DOMAIN  ANALYSIS 

Tables  7a  and  7b  show  the  statistics  for  the  velocity  environments  at  sites  3 
and  4.  It  is  apparent  that  the  environment  in  this  structure  is  especially  severe. 

This  is  explained  by  the  close  proximity  of  the  structure  to  the  Hush  House  ahd  by 
the  very  flexible  nature  of  the  building.  As  would  be  expected,  the  radial  compo¬ 
nents  of  motion  are  most  severely  effected  at  this  site. 

At  least  one  component,  usually  the  radial,  was  severely  clipped  for  all  runs 
in  afterburner  and  most  runs  at  military  power.  However,  for  the  F-4  at  military 
power,  unclipped  data  was  collected  and  used  to  evaluate  the  motion  environment 
for  afterburner  runs.  For  each  undipped  record  at  this  site,  a  site  specific  PSD 
response  function  was  evaluated,  analogous  to  the  admittance  function  discussed  in 
Section  5.  3.  2.  These  were  formed  using  the  appropriate  pressure  spectrum  from 
site  5A  as  a  reference.  An  estimate  of  the  velocity  rms  value  for  any  other  run 
could  be  made  by  multiplying  the  response  function  by  the  appropriate  pressure 
amplitude  spectrum,  as  recorded  at  site  5A,  and  applying  Parseval's  Theorem. 

When  the  observed  data  was  clipped,  rms  values  were  estimated  in  this  manner, 
and  are  given  in  Table  7b.  The  method  was  checked  by  calculating  rms  levels  for 
which  unclipped  data  had  been  collected  and  was  found  to  provide  estimated  values 
in  close  agreement  with  the  observed  data. 


Table  7a.  Statistics  of  the  Observed  Motion  Environment  in  Building  221 

(Site  3) 


Aircraft 

Power 

Level 

Comp 

Full 

Distribution 

1 -Second  Window 
Distributions 

Max. 

Observed 

Velocity 

(in  10 "5 
m/sec) 

Normal  Normal 

0.001%  0.001% 

Exceed-  Exceed - 

rms  ence  ence 

Level  Level  Level 

_g 

(all  in  10  meters/sec) 

Extreme 
Type  I 

0.  001% 
Exceed¬ 
ence 
Level 

F-4 

MIL 

R 

0.  366 

1.  132 

1.  519 

1.  847 

1.  596 

T 

0.  229 

0.  706 

0.  938 

1.  144 

1.  190 

V 

0.  064 

0.  197 

0.  260 

0.  305 

0.  288 

AB 

R 

1.  0  19 

3.  149 

4.  030 

4.  93  8 

4.  116 

T 

0.  621 

1.  920 

2.  469 

3.  002 

2.  352 

V 

0.  157 

0.  485 

0.  637 

0.  77  0 

0.  651 

F-15 

MIL 

R 

0.  567 

1.  753 

2.  269 

2.  705 

2.  358 

T 

0.  359 

1.  110 

1.  354 

1.  622 

1.  27  0 

V 

0.  104 

0.  321 

0.  412 

0.  491 

0.418 

AB 

R 

2.  062 

6.  372 

8.  809 

10. 839 

8.  867 

T 

1.  110 

3.439 

4.  804 

5.  988 

4.  617 

V 

0.  292 

0.  903 

1.095 

1.  282 

0.  992 

F  - 1 6 

MIL 

R 

0.  691 

2.  135 

2.  864 

3.  506 

2.  958 

T 

0.  420 

1.  296 

1.  723 

2.  121 

1.  928 

V 

0.  103 

0.  318 

0.  422 

0.  508 

0.  492 

AB 

R 

2.  323 

7.  178 

8.  846 

10.  610 

8.  277 

T 

1.  260 

3.  890 

5.  223 

6.  439 

5.  142 

V 

0.  320 

0.  988 

1.  315 

1.  599 

1.  297 
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Table  7b.  Statistics  of  the  Observed  Motion  Environment  in  Building  221 

(Site  4) 


Aircraft 

Power 

Level 

Comp 

Full 

Distribution 

1 -Second  Window 
Distributions 

Max. 

Observed 

Velocity 

(in  10  ^ 
m/sec 

Normal  Normal 

0.001%  0.001% 

Exceed-  Exceed- 

rms  ence  ence 

Level  Level  Level 

_3 

(all  in  10  meters/sec) 

Extreme 
Type  I 

0.  001% 
Exceed¬ 
ence 
Level 

F-4 

MIL, 

R 

0.  696 

2.  151 

2.  052 

2.  282 

1.  931 

T 

0.  379 

1.  17  1 

1.  277 

1.  483 

1.  188 

V 

0.  144 

0.  445 

0.  539 

0.  642 

0.  510 

AB 

R* 

1.  1 

3.  4 

4.  4 

5.  2 

T 

0.  691 

2.  135 

1.  758 

1.  933 

1.  651 

V 

0.  318 

0.  983 

1.  302 

1.  57  1 

1.  385 

F- 15 

MIL 

R* 

0.  88 

2.  7 

3.  5 

4.  2 

T 

0.  438 

1.  354 

1.  544 

1.  832 

1.  406 

V 

0.  135 

0.  417 

0.  534 

1.  642 

0.492 

AB 

R* 

2.  9 

9.  0 

11.  5 

13.  8 

_ 

T* 

1.  7 

5.  3 

6.  8 

8.  1 

- 

v* 

0.  38 

2.  1 

2.7 

3.  2 

- 

F-16 

MIL 

R* 

0.  90 

2.  8 

3.  6 

4.  3 

T 

0.  537 

1.  659 

1.7  84 

2.  077 

1.  585 

V 

0.  205 

0.  634 

0.  823 

0.  994 

0,  862 

AB 

R* 

2.  9 

9.  0 

11.  5 

13.  8 

- 

1’* 

1.7 

5.  3 

6.  8 

8.  1 

- 

V* 

0.7  1 

2.  2 

2.  8 

3.  4 

- 

£ 

NOTE:  Due  to  severe  clipping  of  the  data,  the  statistics 
for  the  indicated  channels  are  estimated  by 
procedures  given  in  the  text. 
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The  0.001  percent  exceedence  level  for  the  full  distribution  can  be  interpreted 
as  the  level  reached,  on  average,  twice  in  every  10  sec  of  running  time; 
once  with  a  positive  sense  and  once  negative.  At  site  4,  the  vector  sum  velocity 
at  this  probability  level  is  over  0.01  m/sec.  Referring  to  Table  4,  it  can  be  seen 
that  the  EPA  recommends  that  stress  checks  be  performed  on  structures  with 
vibrations  exceeding  this  level.  While  the  0.  001  percent  extreme  value  level  is 
below  the  0.  025  m/sec  level  usually  assumed  for  the  onset  of  structural  damage 
it  does  approach  this  critical  criterion.  As  runs  in  afterburner  would  typically 
have  durations  exceeding  10  sec,  the  extreme  value  level  is  a  more  realistic 
estimate  of  the  level  expected  to  be  attained  during  any  afterburner  run. 

The  recorded  vibration  levels  increase  significantly  from  site  3,  located  on 
the  floor  slab,  to  site  4,  approximately  half  way  up  the  wide  wall  of  Building  221. 

It  can  be  anticipated  that  thi3  trend  will  continue  as  one  moves  higher  on  the  wall. 

At  the  roof  line,  significantly  higher  level  motions  than  those  found  at  site  4  should 
be  anticipated. 

It  can  only  be  concluded  that  the  long  term  safety  of  this  structure  is  in  question. 
While  the  level  of  motions  appear  to  be  below  that  expected  for  the  onset  of  major 
structural  damage  (0.  1  m/scc),  as  long  as  the  Hush  House  is  in  operation,  the 
structure  will  experience  repeated  vibrations  at  a  level  having  some  potential  to 
initiate  structural  fatigue.  It  is  recommended  at  a  minimum  that  this  structure 
undergo  periodic  inspections  for  any  signs  of  reduced  load  bearing  capacity  of  the 
structural  elements. 

5. 4.  2  SPECTRAL  ANALYSIS 


Due  to  the  amount  of  clipped  data  at  these  sites,  only  velocity  PSD  plots  for 
the  l''~4  in  military  power  are  shown  for  these  two  sites  (Figures  32  and  33).  As 
can  be  seen  from  the  plots  and  from  Tables  7a  and  7b,  the  motions  in  Building  221 
are  dominated  by  the  radial  component,  which,  in  turn,  is  dominated  by  energy  in 
three  general  bands  centered  at  about  5,  15  and  above  25  Hz.  The  relatively  high 
levels  seen  in  the  upper  band  were  unexpected  due  to  the  weakness  of  the  driving 
force  at  these  frequencies  and  the  generally  lower  responsiveness  of  structures 
at  higher  frequencies.  However,  these  resonances  are  also  apparent  in  the  noise 
data.  Figure  34,  and  appear  to  be  real.  It  is  likely  that  these  resonances  are  re¬ 
lated  to  the  vibration  of  sub  -elements  of  the  structure,  such  as  the  beams,  as  con¬ 
trasted  to  the  motion  of  the  integrated  structure.  In  terms  of  the  structural  safety 
criteria,  however,  this  distinction  is  not  relevant. 


Figure  32.  (a)  Radial,  (b)  Transverse,  and  (c)  Vertical 

Velocity  Power  Spectral  Density  Plots  for  Site  3  With 
an  F-4  in  Military  Power  in  the  Hush  House.  In  each 
plot  the  middle  curve  is  the  mean  spectrum  while  the 
upper  and  lower  curves  represent  the  extreme  values 
at  each  frequency 
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Figure  33.  (a)  Radial,  (b)  Transverse,  and  (c)  Vertical 

Velocity  Power  Spectral  Density  Plots  for  Site  4  With 
an  F-4  in  Military  Power  in  the  Hush  House.  In  each 
plot  the  middle  curve  is  the  mean  spectrum  while  the 
upper  and  lower  curves  represent  the  extreme  values 
at  each  frequency 
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Figure  34,  (a)  Radial,  (b)  Transverse,  (c)  Vertical 
Velocity  Power  Spectral  Density  Plots  for  a  Noise  Sampl 
at  Site  4.  In  each  plot  the  middle  curve  is  the  mean 
spectrum  while  the  upper  and  lower  curves  represent 
the  extreme  values  at  each  frequency 


The  estimated  admittance  functions,  based  on  the  pressures  observed  at 
site  5A,  are  given  in  Figures  35  and  36.  They  all  demonstrate  the  highly  responsive 
nature  of  Buildi  g  221  at  frequencies  above  20  Hz.  The  lack  of  coherency  at  higher 
frequencies  between  the  admittances  at  site  3  and  4  suggests  the  localized  nature 
of  the  response.  Strong  excitations  are  seen  below  20  IIz,  particularly  at  site  4, 
and  are  significant  contributors  to  the  motion  at  this  site.  Analysis  of  the  motions 
at  site  4  bandpassed  over  0.8  to  25  Hz  show  lower  motions  but  with  amplitudes 
still  sufficiently  high  to  warrant  stress  checks. 

These  admittance  functions  demonstrate  another  fact  concerning  the  potential 
alteration  of  the  source  to  alleviate  the  Hush  House  vibration  problems.  The 
higher  frequency  responses  noted  in  these  plots  are  typical  for  minor  structural 
elements  such  as  siding  or  wall  partitions.  If  the  Hush  House  source  were  altered 
by  driving  the  primary  lobe  up  in  frequency,  then  the  vibrations  in  this  structure, 
as  just  one  example,  would  be  intensified.  Alteration  of  the  source  might  merely 
substitute  ihe  problem  of  general  structural  vibration  for  more  intense  vibration 
in  sub-elements.  As  the  higher  frequency  vibrations  would  result  in  acoustic 
interference  with  human  activities,  due  to  rattling  of  walls  and  similar  problems, 
the  apparent  negative  impact  of  the  Hush  House  acoustic  source  could  become  more 
widespread  than  at  present. 

5.5  Proposed  Building  Site 

The  proposed  site  for  a  new  avionics  building,  as  required  under  the  present 
Hush  House  siting  criteria,  would  be  located  across  the  road  from  the  existing 
facility,  approxirmtely  at  site  7  in  Figure  2.  Seismic  measurements  were  made 
during  all  aircraft  runs  and  a  survey  was  conducted  to  determine  the  effect  of 
interstate  540  at  the  site. 

The  value  of  this  data  for  future  planning  is  very  limited.  For  the  measure¬ 
ments  during  the  aircraft  runs  it  should  be  noted  that  the  dominant  coupling  with 
the  Hush  House  acoustic  source  is  directly  with  the  structure  and  there  is  unlikely 
to  be  significant  ground  transmission.  Thus,  measurements  at  this  site  cannot 
reflect  the  major  anticipated  source  of  vi  ation.  Further,  any  construction  at 
this  site  will  greatly  disturb  the  soil  column  and  modify  the  local  response  and 
transmission  characteristics. 
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Figure  36.  (a)  Radial,  (b)  Transverse,  and  (c)  Vertical  Admittance  Functions 

for  Site  4  in  Building  221 


5.5.  1  TIME  DOMAIN  ANALYSIS 


Table  8  gives  the  statistics  of  the  motion  environment  a3  observed  at  site  7 
during  aircraft  runs  and,  for  sites  7  and  8,  for  the  highway  noise  survey.  It 
appears  from  this  data  that  a  correlation  does  exist  between  the  measured  levels 
at  site  7  and  Hush  House  operations.  Noise  levels  during  Hush  House  operations 
are  about  twice  as  high  as  ambient  conditions  indicated  during  the  highway  noise 
survey.  It  is,  however,  also  apparent  that  the  correlation  is  not  the  result  of 
direct  coupling  of  the  acoustic  signal  from  the  Hush  House  and  the  ground. 

If  direct  coupling  were  significant  then  the  dominant  motions  should  be  re¬ 
corded  on  the  vertical  component.  At  this  site  the  transverse  component  is  the 
most  active.  Thi3  suggests  that  the  coupling  between  the  acoustics  and  the  ground 
is  through  a  second  source  such  as  trees.  The  identity  of  the  secondary  source 
cannot  be  confirmed  without  further  studies. 

Figure  37  shows  a  sample  of  the  velocity  time  history  recorded  during  runs 
of  an  F-16  in  afterburner.  The  strongly  resonant  nature  of  the  vibrations  recorded 
at  site  7  is  evident  in  these  traces.  One  relevant  point,  however,  is  the  occurrence 
of  a  strong  transient  on  the  transverse  component  just  before  the  4-sec  point 
on  the  record.  This  transient  does  not  appear  on  the  other  components  of  motion. 
Transients  of  this  type  are  the  largest  signals  detected  at  site  7  during  both  the 
Hush  House  runs  and  the  highway  noise  survey  but  were  not  recorded  at  site  8.  The 
source  of  these  transients  remains  unidentified  but  is  likely  to  be  wind  generated 
noise  from  several  trees  located  within  about  20  meters  of  site  7,  Again,  this  can¬ 
not  be  confirmed  solely  from  the  available  data. 

The  highway  noise  survey  shows  that  displacement  rms  and  absc’ute  peak  noise 
levels  are  lower  at  site  8.  close  to  the  Interstate,  than  at  site  7.  As  during  Hush 
House  runs,  it  appears  that  ambient  conditions  at  site  7  are  dominated  by  wind 
generated  noise.  The  observed  dispiacement.3  at  site  7  during  the  highway  noise 
study  are  seen  to  be  about  one-half  of  the  level  observed  during  runs  of  the  F-15 
and  F-16  in  afterburner.  However,  as  toe  motions  during  Hush  House  runs  appear 
to  he  dominated  by  a  secondary  source,  the  significance  of  this  fact  is  low.  If  one 
assumes  that  the  observed  displacements  would  be  typical  of  che  floor  slab  displace¬ 
ments  after  construction,  then  the  levels  of  motion  observed  fue  to  highway  noise 
at  site  7  are  essentially  two  orders  of  magnitude  below  the  EPA  criterion  for 
critical  working  areas.  The  levels  are  comparable  to  ambient  conditions  measured 
at  other  sites. 
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Table  8.  Statistics  of  the  Observed  Displacement  Motion  Environment  at 
Sites  7  and  8 
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5.  5.  2  FREQUENCY  DOMAIN  ANALYSIS 


Spectral  analysis  of  the  data  taken  at  sites  7  and  8  reinforces  the  conclusions 
from  the  time  domain  analysis.  Figure  38  shows  the  displacement  PSDs  for  an 
F-16  in  afterburner  at  site  7.  The  resonance  noted  in  the  time  domain  plot  is  seen 
on  the  radial  and  transverse  component  PSDs  to  occur  at  about  29  and  22  Hz, 
respectively  and  the  lack  of  strong  vertical  excitation  at  these  frequencies  is  also 
seen.  With  the  exception  of  these  peaks,  the  spectra  are  typical  of  seismic  noise 
PSD  plots. 

Figures  39  and  40  show  the  PSD  plots  based  on  the  identical  time  interval 

during  the  highway  noise  survey  at  sites  7  and  8.  A  broad  peak  in  the  noise  is 

seen  over  the  frequency  band  of  15  to  25  Hz.  This  peak  is  not  observed  in  spectra 

at  site  7.  Traffic  generated  seismic  noise  is  typically  within  this  band  and  it  can 

be  assumed  that  the  traffic  induced  displacements  are  attenuated  between  sites  8 
14 

and  7.  At  site  7  the  resonant  peaks  noted  during  Hush  House  operations  persist 
in  the  noise  data  but  they  are  not  as  strong  at  site  8.  This  supports  the  assumption 
that  they  are  the  result  of  a  secondary  source  located  near  site  7. 

It  should  be  rioted  that0  in  terms  of  velocity,  the  higher  noise  levels  are  found 
at  site  8.  This  effect  is  related  to  the  frequency  distribution  of  the  noise.  Dis¬ 
placement  measurements  de-emphasize  the  high  frequencies  that  are  predominant 
at  site  8  while  velocity  measurements  de-emphasize  the  low  frequencies,  dominant 
at  site  7. 

14.  Rudder,  F.F.,  Jr.,  MacIntyre,  M.L.,  Ballentine.  J.R.  r  Chilton,  F.  , 
Pettyjohn,  S.  D.  ,  Mazzwella,  L.V.,  Futrell,  J.W.,  Mazanti,  B.  ,  and 
Holland,  C. L.  (197 8)  Determination  of  Impact  From  Vibrations  Related 
to  Highway  Use,  Report  Mo.  PllWA-ftD-78- 167,  Science  Applications,  Jnc. , 
McLean,  v'A. 
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Figure  38.  (a)  Radial,  (b)  Transverse,  and  (c)  Vertical 

Displacement  Power  Spectral  Density  Plots  for  an  F-16 
in  Afterburner  at  Site  7.  In  each  plot,  the  middle  curve 
is  the  mean  spectrum,  while  the  upper  and  lower 
curves  represent  the  extreme  values  at  each  frequency 
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Figure  39.  (a)  Radial,  (b)  Transverse,  and  (c)  Vertical 
Displacement  Power  Spectral  Density  Plots  for  the 
Highway  Noise  Study  at  Site  7.  In  each  plot,  the  middle 
curve  is  the  mean  spectrum,  while  the  upper  and  lower 
curves  represent  the  extreme  values  at  each  frequency 
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Figure  40.  (a)  Radial,  (b)  Transverse,  and  (c)  Vertical 

Displacement  Power  Spectral  Density  Plots  for  the 
Highway  Noise  Study  at  Site  8.  In  each  plot,  the  middle 
curve  is  the  mean  spectrum,  while  the  upper  and  lower 
curves  represent  the  extreme  values  at  each  frequency 


6.  SUMMARY  AND  CONCLUSIONS 


6.1  Fort  Smith  Specific  Results 

In  terms  of  the  questions  raised  by  the  ANG  concerning  Hush  House  operations 
at  the  Fort  Smith  facility,  there  are  three  results: 

(1)  The  motion  environment  in  the  existing  Avionics  Building  at  Fort  Smith 
will  be  degraded  by  Hush  House  operations  with  the  F-16,  but  only 

for  operations  in  afterburner.  Present  Hush  House  operations,  with 
the  F-4  in  afterburner,  generate  higher  motion  levels  than  will  the 
F-16  in  military  power.  While  the  environment  will  be  adversely 
impacted  during  F-16  afterburner  runs,  it  will  be  significantly  below 
existing  EPA  criteria  for  motion  sensitive  work  areas.  Further,  the 
levels  observed  at  this  site  are  several  orders  of  magnitude  below 
those  capable  of  damaging  the  F-16  avionics  test  benches  based  on 
the  manufacturer's  specifications. 

(2)  Building  221  experiences  severe  motions  during  all  Hush  House 
operations  and,  in  particular,  during  afterburner  runs.  The  motions 
in  this  building  are  sufficient  to  warrant  concern  for  the  long  term 
safety  of  the  structure.  It  is  highly  recommended  that  some  form  of 
periodic  inspections  be  instituted  to  check  the  structural  elements 

of  Building  221  for  fatigue  type  failure  or,  alternatively,  that  the 
structure  be  re -sited. 

(3)  Finally,  the  motion  environment  at  the  proposed  building  site, 
approximated  by  the  location  of  site  7,  is  not  significantly  higher 

than  levels  observed  at  other  sites  ut  the  ANG  facility.  As  Hush  House 
infrasonics  attenuate  as  1/1?,  the  pressure  loads  at  this  site  are 
about  one-half  those  at  the  present  avionics  structure.  A  similar 
building,  at  this  location  and  with  similar  orientation  relative  to 
+he  Hush  House,  should  experience  induced  vibrations  proportional 
to  the  pressure  loads. 

6.2  Implications  for  Hush  House  Siting 

Sev  :ral  implications  exist  in  the  results  of  this  study  relative  to  the  siting 
criteria  for  Hush  Houses.  First,  that  the  existing  330  meter  exclusion  zone  for 
motion  sensitive  facilities  is  likely  to  be  found  to  be  overly  stringent.  The  present 
case  study  provides  one  example  of  a  structure,  essentially  picked  at  random,  in 
which  the  criterion  is  too  stringent.  In  fact,  using  the  standard  Ro/R  scaling  law 
for  acoustic  far-field  pressures,  where  Ro  is  a  reference  distance  and  R  is  the 
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source  radius  to  the  point  of  interest,  and  assuming  a  radially  symmetric  source, 
the  £PA  criterion  for  a  critical  work  area  would  not  be  exceeded  unless  the 
Avionics  Building  was  within  25  meters  of  the  Hush  House  exhaust  deflector.  This 
assumes  a  standard  pressure  spectrum  and  a  linear  relationship  between  vibrations 
in  the  structure  and  loads.  While  this  calculation  cannot,  due  to  the  assumptions, 
be  used  at.  a  basis  for  any  rational  criterion  for  Hush  House  siting,  it  does  suggest 
the  lack  of  a  strong  scientific  basis  for  the  existing  criteria. 

Alternatively  one  car  look  at  Building  221.  This  structure  is  80  meters  from 
the  exhaust  deflector  of  the  Hush  House.  To  reduce  the  motion  levels  at  site  4  in 
this  ‘umcture  to  levels  considered  very  unlikely  to  produce  structural  damages, 
0.006  m/sec,  would  'equine  moving  tire  building  out  to  145  meters,  beyond  the 
115  meters  specified  in  Table  1.  As  mentioned  earlier,  motion  levels  higher  up 
^■n  the  structure  are  anticipated  to  be  even  greater  and  would  require  moving  the 
structure  further  out,  well  beyond  the  cited  criterion  for  pre-engineered  structures. 

In  terms  of  future  scientific  study  on  the  Hush  House  problem,  three  major 
should  be  made: 

<l)  The  primary  fundamental  modes  of  most  substantial  structures  lie 
below  TO  Hz  and  the  motion  environment  in  these  structures  will  be 
inordinate'  driven  by  the  secondary  lobe  of  the  Hush  House 
infrasonic  ounce. 

(2)  A  working  hypothesis  for  the  structure  of  the  Hush  House  infrasonic 
sourer  !..??;  been  presented.  While  the  hypothesis  cannot  be  ruled 
out  by  existing  data,  much  work  remains  before  the  hypothesis  can 
be  accepted  outright.  In  light  of  the  fact  that  proposals  have  beeri 
presentee-  to  alleviate  the  infrasonic  problems  with  the  Hush  House 
by  altering  the  source,  it  would  seem  desirable  that  one  should  have 
a  v.-ell  established  understanding  of  the  existing  source. 

\8)  If  the  working  hypothesis  is  correct,  then  the  secondary  lobe  of  the 

Hush  House  source  is  the  result  of  a  "negative"  jet  associated  with  the 
air  intakes  of  ae  Hush  House.  To  a  large  degree  it  :.s  this  jet  that  will 
control  the  motion  environment  in  nearby  structures.  In  turn,  this  jet 
is  controlled  b”  the  velocity  of  air  entering  the  Hush  House  through  the 
inlet  d"cts.  As  the  area  of  the  inlet  ducts  rer  ■  constant,  at  least  in 
present  designs,  then  the  velocity  of  the  air  is  controlled  by  the  volume 
of  air  entering  per  unit  time.  The  volume  of  air  entering  the  Hush  House 
is  related  \'j  two  parameters  of  the  engine,  its  size  and  power  setting. 

Th  .  implication  is  that  as  one  builds  Hush  Houses  for  larger  engines, 
with  or  without  afterburners,  the  volume  of  air  entering  the  Hush  House 
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will  necessarily  increase  and  the  secondary  lobe  of  the  source  will 
become  increasingly  powerful. 


The  problem  of  Hush  House  infrasonics  and  their  effects  on  the  surrounding 
community  is  far  from  resolved.  Significant  areas  of  research  remain  to  be  done. 
It  is  hoped  that  this  report  provides  some  degree  of  insight  into  the  problems 
that  require  further  study. 
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Appendix  A 

Hush  Haute  Acouttic  Mode) 


Al.  PRELIMINARY  SOURCE  MODEL 

During  the  early  stages  of  the  AFGL  research  effort  on  Hush  House  vibro- 
acoustics  a  simple  working  hypothesis  was  developed  to  model  the  Hush  House 
acoustic  source.  It  was  assumed  that  it  could  be  modeled  as  a  point  soured  located 
over  the  exhaust  stack  and  having  the  attributes  of  undeflected,  plume  genei?ated,  or 
jet,  acoustics.  The  basis  of  this  hypothesis  was  the  direct  visual  observation  of 
the  turbulence  over  the  exhaust  deflector  during  Hush  House  operations  at  Luke  AFB. 

The  spectral  characteristics  of  plume  generated  acoustics  can  be  represented 

A 1  i 

in  a  theoretical  form  proposed  by  Powell.  This  form  holds  for  observations  made 
in  the  far-field  and  for  a  flat  earth  location  and  is  given  by: 


(Al) 


where  S.  (f,  r  )  is  the  acoustic  emissions  spectrum,  Q(r  )  is  the  Overall  Sound 
ii  o  o 

Power  Level  (OASPL)  of  the  source  at  a  reference  distance,  r  ,  f  is  the  frequency 

o  m  J 

of  the  spectral  maximum  of  the  source,  and  f  is  the  frequency.  On  a  logarithmic 
frequency  axis,  the  form  of  the  spectrum  is  a  beli-shaped  curve  peaking  at  the 

Al.  Powell,  A.  (1964)  Theory  of  vortex  sound,  J.  Acoust.  Soc,  Am., 

36:177-195. 

****** 
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frequency  f  .  For  fixed  dimensions  of  the  Hush  House  augmentor  tube,  the  value 
of  the  OASPL  and  of  f  is  controlled  by  the  velocity  of  the  air  exiting  the  Hush 
House,  In  turn,  the  velocity  of  the  exhaust  should  be  related  to  the  size  and  power 
setting  of  the  engine  being  run  in  the  Hush  House. 

During  the  analysis  of  the  Luke  data  it  became  apparent  that  the  Hush  House 

5 

acoustic  source  could  not  be  represented  by  this  simple  model.  The  primary 
reasons  that  the  model  is  unacceptable  are  the  azimuthal  dependency  of  the  acoustic 
radiation  pattern  and  a  secondary  maximum  in  the  observed  spectra  that  occurs 
below  10  Hz.  Physical  considerations  and  the  appearance  of  pressure  spectra  for 
Hush  House  acoustic  emissions  indicate,  however,  that  the  source  should  still  be 
related  in  some  way  to  a  jet. 


A2.  PRESENT  WORKING  HYPOTHESIS 

It  has  been  suggested  that  the  secondary  lobe  in  the  Hush  House  emissions 

spectrum  could  be  explained  with  a  weak  jet  type  source  possibly  associated  with 

4 

the  air  intake  ducts.  This  combination  of  two  point  sources,  one  over  the  deflector 
and  this  secondary  jet,  would  help  to  explain  both  the  secondary  spectral  lobe  and 
the  non-uniform  radiation  pattern  observed  at  Luke  AFB.  {An  additional  contribu¬ 
tion  to  the  non-symmetric  radiation  might  also  arise  if  the  primary  jet  over  the 
exhaust  deflector  is  tilted  rather  than  vertical.  Thermographs  cf  one  Hush  House 
exhaust  plume  do  indicate  a  temperature  distribution  that  is  not  vertical  in  the 
exhaust  plume.  **) 

As  stated  above,  for  a  given  Hush  House  design,  the  OASPL  and  the  character¬ 
istic  frequency  f  of  each  lobe  are  largely  defined  by  the  air  velocity  in  the  two 
jets.  While  the  mass  of  ai  r  passing  through  the  Hush  House  should  essentially  be 
conserved,  the  velocity  at  the  air  intakes  is  much  lower,  as  the  cross- sectional 
area  of  the  intakes  is  greater  and  the  average  air  temperature  at  the  intakes  is 
lower  than  the  respective  value  at  the  exhaust.  Therefore,  the  intake  jet  will  be 
represented  in  the  spectrum  by  a  weaker  lobe  located  at  a  lower  frequency  than  the 
exhaust  contribution.  The  hypothetical  spectrum  of  the  acoustic  emissions  can  be 
constructed  from  the  spectrum  of  each  individual  source  and  the  resulting  nominal 
form  is  shown  in  Figure  Al. 
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Figure  Al.  Theoretical  Spectral  Form  of  the  Hush  House  Acoustic  Emissions 
Based  on  the  Working  Hypothesis  Model 

Although  this  hypothesis  has  not  been  tested  in  any  sense,  the  structure  of  the 
proposed  Hush  House  source  model  can  be  seen  in  many  of  the  observed  pressure 
spectra  from  Fort  Smith,  Figures  6  through  13  of  the  main  text,  and  in  thd  data 
from  Luke  AFI3.  The  secondary  jet  source  is  not  always  apparent  in  the  ^oht  Smit.i 
data  due  to  low  signal-to-noise  levels  around  5  Hz. 


■ 

r 

H 

K 

i  *' 

V 

It,,  > 


» 


m 


% 


!\<*  ;  M  *VA  -VJ  »LA  •  t  - 


A  M  ISM  »LJI  AJt  4iM  rVA(  A IV-tf  XX  AM  M*  A  V  T  W  T%M  KXKji  K  *Kj*  fUfc  1\  A  V“  ^  )**U  V*V  L"W\N  \,WW VV-f /VY  •  WV*  »A/  -K/V.Vrf'jfla 


*4,> 


Appendix  B 

Fart  Smith  Hush  Heiwa  Vibrc-Acouttic  Environmant 

Bl.  STATISTICS  OF  HUSH  HOUSE  VIBRO-ACOU3TICS 

In  this  section,  a  short  description  of  the  Extreme  Value  Type  I  statistical 
distribution  is  given  and  the  basis  for  the  statistical  approximations  at  site  4  are 
discussed.  Along  with  thene,  the  full  statistics  for  each  of  the  site  measurements 
made  at  Fort  Smith  are  presented.  These  statistics  include  values  for  idlfe  and 
noise  levels  not  referenced  in  the  text.  The  noise  statistics  are  based  on  data 
recorded  essentially  at  random  during  the  test  period  and  might  not  be  character¬ 
istic  of  the  given  site  at  any  other  time  of  day  or  season.  It  is  unlikely  that  they 
represent  either  the  extreme  high  or  low  noise  conditions  for  the  given  site.  They 
are  presented  only  for  general  comparison  with  the  motion  environment  during 
Hush  House  operations. 


B2.  EXTREME  VALUE  TYPE  I  DISTRIBUTION 

The  Extreme  Value  Type  l  distribution  is  an  asymptotic  distribution  for  the 

g 

largest  of  n  values  of  a  random  process  as  n  becomes  large.  The  assumptions  in 
deriving  the  distribuiion  are  that  the  random  process  is  unlimited  in  the  positive 
direction  and  that  the  upper  tail  of  the  distribution  governing  the  process  falls  off 
in  an  exponential  manner.  The  normal  distribution  assumed  above  for  the  Hush 
House  data  satisfies  these  conditions. 
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The  cumulative  distribution  function  for  the  Extreme  Value  Type  1  distribution 
is  given  by: 


F(y)  =  exp[-exp  j-a(y-u)}] 


where  a  and  u  are  parameters  based  on  the  mean  and  standard  deviation  of  the 
sampled  extreme  values  and  F(y)  is  the  probability  that  the  value  will  be  less  than 
or  equal  to  y.  In  particular,  the  parameters  are  found  to  be  given  by: 


u  :=  1.282/s 


a  =  0.  577  /(m-u) 


where  s  is  the  sampled  standard  deviation  and  m  is  the  sampled  mean  of  the  extreme 
values.  Then,  by  inverting  Eq.  (Al),  the  lev  :1  associated  with  a  given  probability 
of  exceedence  is  found  from  the  equation: 


y  =  u  [In  |  -ln(F(y))}  /  a] 


where  F(y)  is  the  probability  that  y  is  less  than  or  equal  to  Y.  The  probability  of 
exceedence  is  then  given  by  [1  —  F'(y)]. 


33.  STATISTICAL  APPROXIMATION  FOR  SITE  4 


In  general,  the  distribution  parameters  of  the  1-sec  window  peak  values  are 
obtained  directly  from  the  recorded  data.  Due  to  the  severe  environment  at  site  4 
the  motions  exceeded  the  dynamic  range  of  the  recording  equipment.  Given  the 
parameters  of  the  underlying  full  time  series  distribution  it  is  possible,  however, 
to  estimate  the  parameters  of  the  1-sec  window  peak  value  and  of  the  extreme 


value  distribution. 


To  make  this  estimation  requires  a  significant  approximation.  It  will  be  re¬ 
called  that  the  statistics  for  the  windowed  peak  values  were  based  on  the  absolute 
value  of  the  peaks,  in  other  words  without  regard  to  the  sense  of  motion.  The 
approximation  that  is  u3ed  is  based  on  the  distribution  of  the  signed  peak  value. 

It  can  be  argued  heuristically  that  the  means  of  the  windowed  data  for  the 
unsensed  and  sensed  distribution  should  be  essentially  the  same  and  that  the  variance 
of  the  sensed  distribution  should  be  slightly  greater  than  that  for  the 
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unsensed  distribution.  Test  comparisons  were  made  using  both  the  theoretical  and 
direct  sample  estimation  methods  and  agreement  between  the  two  methods  was 
found  to  be  very  high. 

It  can  be  shown  that,  for  an  underlying  process  controlled  by  a  zero  mean 
normal  distribution  with  a  standard  deviation  given  by  s,  the  mean  M  of  the  nth 
value,  x,  from  the  top  of  a  sample  of  m  values  is  given  by: 


ln(ln(m))  +  ln(47T)  +  2(S^-C) 

^2  In  m  — 

2y  2  In  m 

1 

(B5) 


and  the  standard  deviation,  D,  is  given  by: 


D  =  s 


Jl7 


Sr 


{ 


2  In  (m) 


where 


(B6) 


St  =  1  +  1/2+  •••  +  l/(n- 1) 


(B7) 


and 


S2=  1+  1/4+  +  l/[(n- 1)2]  (B8) 

J3 1 

and  C  denotes  Euler's  constant.  For  the  case  of  interest,  the  value  of  m  is  100 
and  n  is  1. 

Given  the  estimated  mean  and  standard  deviations  for  the  windowed  data,  then 
the  extreme  value  disti  ibution  parameters  can  be  determined  from  Eqs.  (B2)  and 
(B3}„ 


Bl.  Cramer,  H.  (1958)  Mathematical  Methods  of  Statistics,  Princeton  University 
Pre3s,  Princeton,  NJ. 
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B4.  OBSERVED  STATISTICS 


Tables  B1  through  B3  provide  the  sampled  statistical  parameters  for  each 
site  studied  during  the  Fort  Smith  vibro -acoustic  study  as  a  function  of  aircraft 
and  engine  power  setting.  In  addition,  the  statistics  from  a  noise  sample  at  each 
location  are  also  included.  Due  to  the  limited  duration  of  the  study,  insufficient 
noise  data  were  taken  at  each  s-.te  to  fully  characterize  ambient  conditions  and  the 
noise  statistics  should  be  viewed  as  just  one  sample  taken  from  some  unknown 
distribution. 

Table  B1  gives  the  statistics  for  the  pressure  sites,  sites  5A  through  5C  and 
site  G.  Table  B2  gives  the  statistical  parameters  for  the  motion  sensors  in  terms 
of  velocity  and  Table  B3  provides  the  analogous  parameters  for  these  sites  in  terms 
of  displacement. 
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Table  B3b.  Displacement  Statistics  for  Operations  in  the  Fort  Smith  Hush  House;  Site 
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Table  B3e.  Displacement  Statistics  for  Operations  in  the  Fort  Smith  Hush  House;  Sites  7  and  8 
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